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Abstract t 
Latee effects of treatment for childhood cancer on the thvroid axis are ascribed 

predominantlyy to radiotherapy. Whether chemotherapy has an additional detrimental 

effectt is still unclear. Our aim was to evaluate this effect in young adult survivors of a 

broadd spectrum of childhood cancers. 

Thee thvroid axis in 205 childhood cancer survivors was evaluated in relation to former 

usee of chemotherapy and radiotherapy (cranial, cranio-spinal, cervical, mediastinal or 

thoracic).. The mean follow-up time was 17.5 vr. Damage to the thyroid axis was 

foundd in 55 patients (26.8 %). Thirty-seven patients (18 %) had thyroidal disease. 

Diagnosess varied from TSH elevation to papillary carcinoma. After multivariate analysis, 

highh risk radiation field, irradiation dose and the diagnosis non-Hodgkin lymphoma/ 

Hodgkin'ss disease were found to be significant risk factors for developing thyroid 

disease.. Treatment with chemotherapy did not have additional negative effect on the 

thyroidd axis. For development of central (pituitary or hypothalamic) thyroid dysfunction, 

patientss with a brain tumor were at increased risk. Chemotherapy for childhood cancer, 

doess not contribute to the damage on the thyroid axis inflicted by radiotherapy during 

youngg adulthood. 



Introductio n n 
Ass the number of survivors of childhood cancer increases due to the improving 

treatmentt modalities for pediatric malignancies I o, follow-up studies into adulthood 

aree increasingly important to give insight into the expected and unexpected late adverse 

eventss of the malignancy and its treatment4. 

Externall  cervical radiotherapy has been used for the treatment of pediatric tumors, 

likee Hodgkin's disease (HD), nasopharyngeal carcinoma, and rhabdomyosarcoma. This 

typee of treatment has been demonstrated to be deleterious for the thyroid's integrity", 

resultingg in thyroid dysfunction and degeneration v8, which has implications for almost 

alll  other tissues, especially during growth and development. 

Overtt hypothyroidism, subclinical (compensated) hypothyroidism, benign nodules, 

radiationn thyroiditis, Graves' hyperthyroidism followed by hypothyroidism, and secondary 

thyroidd malignancies have been described after (peri-) cervical radiotherapy11"12. Thyroid 

damagee has also been described as a consequence of stray irradiation during cranial 

radiotherapy,, as used in the prophylactic schemes for acute lymphoblastic leukemia 

(ALL )) B. 

Adjuvantt risk factors for developing thyroid damage after external irradiation are higher 

radiationn dose 14, diagnostic lymphangiography preceding radiotherapy !:!, young age u>, 

femalee sex r and (pre-existent) elevated TSH level  ,H. 

Itt is still an issue of debate whether chemotherapy has an additional detrimental effect 

onn the thyroid gland. This has never been studied in childhood cancer survivors treated 

forr a broad spectrum of cancers and followed into adulthood. 

Thee enormous variety in toxicity of the drugs used during cancer treatment in childhood 

mightt explain why some patients remain free of thyroid problems, while others, exposed 

too the same radiation dose, develop thyroid dysfunction or even thyroid carcinoma. 

Severall  studies have shown negative effects of antineoplastic drugs on thyroid function, 

e.g.e.g. vincristine in combination with cisplatin V)-2" and alkylating agents in combination 

withh vinca-alkaloids, steroids and radiotherapy 21. In children with brain tumors, the 

occurrencee of hypothyroidism seems to be higher after the administration of alkylating 

agentss and vinca-alkaloids with or without antimetabolites, cisplatin or steroids in 

combinationn with irradiation than after radiotherapy alone — '~4. 



Thee aim of this study was to analyze whether use of chemotherapy during childhood 

iss an additional risk factor for developing lasting thyroid axis damage in young adult 

survivorss of childhood cancer treated with (peri-) cervical irradiation. Also, we 

investigatedd whether the type and combination or cytostatic drugs were related to the 

typee and severity of thyroid axis damage. 

Subjectss and Methods 
Survivorss of childhood cancer who had been in complete remission for at least 5 vr 

attcrr finishing their treatment were investigated for thyroid axis damage. Intormcd 

consentt was obtained from all survivors for the use of clinical data. 

Off  498 survivors, 207 were irradiated with cranial, cranio-spinal, cervical, mediastinal, 

thoracicc or total body irradiation. Two patients (1%) were excluded due to missing 

data.. Of 205 survivors, a history of thyroid disease was taken, and physical examination 

forr thyroid disease was performed. Blood was drawn to determine concentrations of 

plasmaa TSH, T4 and, tbr some, free T4. Data concerning oncological diagnosis, staging, 

treatmentt and earlier measured thyroid functions were collected. These data were 

extractedd from the PLEKsvs database of the Late Effects Study Group of our hospital 

(\rWi\ II  Jaspers, C van den Bos, H Bchrcndt, RC Heinen, PJEM Bakker, MM Geenen, 

FF van Leeuwen, HN Caron, manuscript in preparation). 

Radiotherapyy date, field, dose and number of fractions were determined. Radiation 

fieldss were grouped into three categories according to the expected risk tor developing 

thyroidd damage; high risk cervical irradiation [neck, mantle field, spinal (C2-Th2), 

medullaa oblongata (P-A), W'aldcver's ring + neck, mediastinum, supraclavicular region, 

andd nasopharynx], intermediate risk cervical irradiation | Waldeyer's ring, cerebrum to 

C2,, medulla oblongata (lateral), and pulmones], and low risk irradiation [cranial, orbital, 

frontall  lobe and parietal lobe). Patients were grouped according to the exposed radiation 

fieldd with the highest risk category. Hence, the patient could also have been irradiated 

inn a low risk field, when included in the high risk group. 

Chemotherapyy treatment date, drugs and doses were determined. For the current 

analysis,, all administered drugs were divided in eight groups according to mode or 

actionn (Table 1). The use of any drug and the use ot chemotherapy during radiotherapy 
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Tablee 1. Groups of chemotherapy used in our  patients and their generic names. 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 
8 8 

Group p 

Alkylatingg agents 

Antineoplasticc antibiotics 

Antimetabolites s 

Vinca-- alkaloids 

CC a rbo/cisplatin 

Topo-isomerasee inhibitor 

Asparaginase e 
Steroids s 

Drug g 

Busulfan n 
Chlorambucil l 
Chloormethine e 
Cyclophosphamide e 
Dacarbazine e 
Estramusrin n 
Ifosfamide e 
11 x>mustin 
Melphalan n 
Procarbazin n 
Thiotepa a 
Bleomycin n 
Dactinormcin n 
Daunorubicin n 
Doxorubicin n 
Hpirubicin n 
Idarubicin n 
Mitomvcin n 
Mitoxantron n 
Cytarabin n 
Fluorouracil l 
HH yd n ixy carbami de 
Mercaptopurin n 
Methotrexate e 
Thioguanin n 
VinblasDne e 
Vincristine e 
Vindesine e 
Carboplatin n 
Cisplatin n 
Etoposidc c 
Teniposide e 

Asparaginase e 
Dexamethasone e 
Prednis(i(lo)ne e 

weree recorded. The drugs administered during radiotherapy consisted mainly of 

intrathecall  steroids, methotrexate, and cytarabin, as part of central nervous system 

prophylaxiss in ALL and non Hodgkin lymphoma (NHL). 

Thyroidd damage was scored as present when one of the following criteria was met: 

elevatedd plasma TSH concentration (> 4.5 mU/L), decreased plasma T4 or free T, 

concentrationn (compared with the age-related normal value), enlarged thyroid by physical 

examination,, or diagnosis of thyroid disorder or use of thyrostatics or thyro mime tics. 

Off  the 291 survivors who had not been irradiated in the (peri-) cervical region, use of 

thvromimetics,, thvrostatics and history of thyroid disease were evaluated. Four of 



thesee patients had to be excluded, as their primary tumor was a thyroid carcinoma. 

Thee incidence of thyroid disease in this group was compared to the incidence of 

thyroidd disease in the same age group in The Netherlands. 

Statisticall  analysis 

Descriptivee statistics were performed using the independent samples /test and Pearson X2 

testt for parametric and Mann-Whitney test for non-parametric data using Excel 97 

andd SPSS 10.0.7. (SPSS Statistics UK, SPSS Inc., Chicago, II.). For analysis of relative 

risks,, separate analyses were made for the group of survivors with and without thyroid 

andd central thyroid axis damage (see Tables 6 and 8). To correct for overlap of use of 

thee group without thyroid damage, in these univariate analyses significance was noted 

att P< 0.025. If- an increased risk to develop thyroid damage was expected for the 

variable,, the test was performed one-tailed with the confidence interval set at 94.94 %; 

forr two-tailed tests (no increased risk expected) the confidence interval was set at 

97.477 %. In these analyses the subgroup of carboplatin and cisplatin was excluded as 

thee numbers of patients was too small. 

Covariatess were included in a multivariate analysis if they turned out to have P < 

0.05066 in the univariate assessments. The multivariate analysis was performed using a 

logisticc regression model, with thyroid or central thyroid axis damage as dependent 

variable.. Subsequent significance testing was performed with a = 0.05. 

Results s 
Off  the 205 survivors who had been irradiated for their childhood tumor, 33 had not 

receivedd any chemotherapy. The mean age during radiotherapy was 8.1 yr (range, 0.1-

19.77 vr); the mean age at follow-up 27.4 yr (range, 17.0-44.8 yr). Those treated with 

chemotherapyy were significantly younger during radiotherapy than those not treated 

withh chemotherapy; the mean durations of follow-up after radiotherapy, however, 

wass similar (Table 2). 

Thee most frequent malignancy in the total group was ALL (38.2 %), followed by NHL/ 

HDD (26.0 %) and brain tumors (25.0 %). Of the 172 survivors treated with radiotherapy 

andd chemotherapy, 45.6 % was diagnosed with ALL and 28.5 % with NHL/HD. Of 33 

survivorss not treated with chemotherapy, 78.8 % had a brain tumor. 
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Tablee 2. Clinical characteristics off  205 survivor s of ch i ldhood cancer 

Characteristicc Al l survivors 
(n=205) ) 

Malee ) 

Meann age during RT (vr) (SD) 
Me;mm follow-up after RT (yr) (SD) 
Meann age at follow-up (yr) (SD) 

49.fi 49.fi 

<¥./(4.4) ) 
/J>./(9.3) ) 
27.^(5.3) ) 

RTT + ChT 
(n== 172) 

48.8 8 

"'.5(4.1) ) 
19.4(4,6) ) 
2"\0(4.9) ) 

RT-- ChT 
(n== 33) 

54.5 5 

11.4(4.2) ) 
17.8(8.0) ) 
29.2(6.9) ) 

Test-value e 

X X 
0.361 1 

/ / 
4.88 8 
-1.(19 9 
1.™ ™ 

PP value 

0.548 8 

0.0000 * 
0.122 2 
I.UJ85 5 

R T -- radiulherapy; ChT - chemotherapy; /, Student's / test; * P value significant when < 0.(.l5 

Tablee 3. Percentage of patients treated wit h chemotherapy in each field of radiatio n treatment. 

RTT + ChT RT - ChT Test-value 
n=1722 n=33 X2 

%% (n) % (n) 

Radiationn field 
Highh Risk 
lnrerr mediate Risk 
I.oww Risk 

85.33 (93) 
92.99 (65) 
53.88 (14) 

1477 (16) 
T-ll  (?) 
46,22 (12) 

:i7i i 
RT,, radiotherapy; ChT= chemotherapy; * P value significant when < 0.05 ( Pearson X2)-

PP value 

Tablee 4. Mean dose of radiotherapy in each radiatio n field. 

Highh Risk 
Intermediatee Risk 
11 />w Risk 

RTT + ChT 
n=172 2 

Meann dose in Gy 
(95%%  CI) 

29.11 (26.9-31,4) 
24,11 (22.8-25.5) 
44.^(36.4-53.0) ) 

RTT  - ChT 
n=33 3 

Meann dose in Gy 
(95%%  CI) 

38.6(32.1-45.0) ) 
38.2(24.8-51.7) ) 

44.33 (34.1-54,5) 

Test-value e 
t t 

3.P8 8 
5.059 9 
-0.058 8 

PP value 

0,11022 * 
0.0000 * 

0.954 4 

RT,, radiotherapy; ChT, chemotherapy; Gy, Gray; / , Student's /-test; CI, confidence interval, * = P value 
significantt when < 0.05. 

Radiotherapyy in the high risk field for developing thyroid damage was given to 53.2 % 

off  all patients, in the intermediate risk field to 34.1 % and in the low risk field to 12.7 %. 

Off  those irradiated in the high risk field, 85.3 % were also treated with chemotherapy. In 

contrast,, more than 46 % of survivors irradiated in the low risk field were not treated 

withh chemotherapy (Table 3). Survivors not treated with chemotherapy received 

significantlyy higher radiation doses in the high and the intermediate risk fields (Table 4). 

Thee most used drugs were the vinca-alkaloids, followed bv corticosteroids and anti-

metabolitess (used in 93%, 84.9%, and 72.7 % of patients treated with chemotherapy, 

respectively).. Fifty-seven percent of the patients treated with chemotherapy also received 

itt during irradiation. 

http://49.fi


Tablee 5. Occurrence of thyroi d axis damage after  treatment wit h (peri-) cervical radiotherapy, 

wi t hh or  without chemotherapy durin g ch i ldhood. 

Noo thyroi d axis Thyroi d Central thyroi d axis %2 P va lue 
damagee ( %) damage (%) damage (%) 

R'i '' ) 77-3 16.9 5.8 
n = P22 133 29 10 

RT-ChTT ) 51.5 24.2 24.2 
n=333 17 8 K 14.066 (.1.001 * 

Alll  ("N) "3.2 18.0 8.8 
n== 2H5 150 3" 18 

RT,, radiotherapy; ChT, chemotherapy; * = P value significant when < 1.1.05. 

Thee occurrence of thyroid axis damage after treatment with radiotherapy, with or without 

chemotherapy,, is shown in Table 5. Of 205 irradiated survivors, 55 (26.8 %) developed 

thyroidd axis damage, either thyroidal or central. Of the survivors who received both 

radiotherapyy and chemotherapy (n=172), 16.9 % developed a variety of thyroid problems 

andd 5.8 % developed central hypothyroidism. Of those who did not receive chemotherapy, 

48.44 % developed thyroid axis damage, of whom 24.2 % developed thyroid disease and 

24.22 % developed central hypothyroidism. These differences were statistically significant, 

mainlyy caused by the higher prevalence of central damage in survivors with brain tumors 

nott treated with chemotherapy (standard residual 3.0). 

Overall,, 37 survivors developed thyroid disease. Their diagnoses were thyroidal 

hypothyroidismm (n=20), TSH elevation/subclinical hypothyroidism (n=7), benign 

noduless (n=2), thyroid cvst (n=l), multi-nodular goiter (n=2), thyroid carcinoma (n=2) 

andd hyperthyroidism (twTo transient and one Graves' disease). The survivors diagnosed 

withh thyroidal hypothyroidism had an average age of 10.4 years during exposure to 

radiation;; the average dose was 37.8 Gy (range, 19.5-66.0 Gy) in the high risk radiation 

field.field. Two survivors irradiated on the cervical area with 18 Gy during treatment for 

ALLL at 2 and 4 years of age, developed papillary thyroid carcinoma 11 and 14 years 

afterr being irradiated. One of them received another 24 Gy on the head. 

Tablee 6 shows the relative risk for predictors of damage to the thyroid gland among 

survivorss of childhood cancer (n=187). Survivors with central hypothyroidism are 

nott included in this analysis. Of survivors with thyroid problems, 83.8 % had received 

highh risk cervical irradiation. Risk for development of thyroid damage was increased 

inn those who had survived NHL/H D (p=0.000). The vinca-alkaloids were the drugs 

mostt used in the survivors with thyroid disease and in the survivors without thyroid 
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Tablee 6. Relative risks for  developing thyroi d damage (univariat e analyses) 

Thyroi dd No thyroi d Relative Risk 95 % CI  Test value P value 
damagee axis damage (RR) Relative Risk  # J[2 -statistic 
N == 37 N=150 (RR) 

One-tailedd (outcome expected) 
Malee <%) t, 
Meann age during RT (yrs) f, 
Radiotherapy y 

Highh risk RT(%) f. 
Intermediatee risk RT (%) f 
Loww risk RT(%) t , 
Meann dose RT (Gy) ffl 

Chemotherapyy (combinations) (%) 
Vinca-alkaloidss + alkylating ag f_ 
Vinca-al.. + alkylating + steroids f. 
Antimetabolitess + steroids f-

Two-tailedd ( outcome unknown) 
Tumorr t\pe (%) 

ALLL ' 
NHL /H D D 
Brainn tumor 
Other r 

(Chemotherapyy (%) 
Treatedd with anv chemotherapy 
ChTT during RT 
Alkylatingg agents 
Ann-neoplasticc antibiotics 
Antimetabolites s 
Vinca-alkaloids s 
Topo-isomerasee inhibitor 
Asparaginase e 
Steroids s 

43.2 2 
10.1 1 

83.8 8 
1U.8 8 
5.4 4 
35.4 4 

48.6 6 
43.2 2 
32.4 4 

13.5 5 
51.4 4 
18.'J J 
16.2 2 

78.4 4 
24.3 3 
54.1 1 
35.1 1 
40.5 5 
70.3 3 
5.4 4 
18.9 9 
64.9 9 

50.0 0 
7.7 7 

46.4 4 
39.3 3 
14,3 3 
287 7 

40.7 7 

33.3 3 
66.0 0 

46.7 7 
22.0 0 
20.7 7 
10.7 7 

88.7 7 

56,7 7 
42.7 7 
42.0 0 
68.0 0 
84.0 0 
12.7 7 
38.7 7 
76.7 7 

0.80 0 
-2.4422

4.4 4 
0.22 2 
0.45 5 

-6.6288 $ 

1.30 0 
1.40 0 
0.33 3 

0.23 3 
2"4 4 
0.91 1 
1.45 5 

0.56 6 
0.32 2 
1.44 4 
0.79 9 
0.41 1 
0.54 4 
0.45 5 
0.44 4 
0.64 4 

0.44-1.44 4 
-4.(X)966 - -U.8743 

3.23-5.99 9 
0.08-0.61 1 
0.12-1.74 4 

-11.82--1.44 4 

0.73-2.30 0 
0.79-2.48 8 
0.18-0.61 1 

97.55 % CI * 

0.08-0.65 5 
1.44-5.19 9 
0.39-2.13 3 
0.62-3.43 3 

0.26-1.18 8 
0,144.0,70 0 
0.75-2.79 9 
0.40-1.58 8 
0.21-0.80 0 
0.27-1.08 8 
0.10-2.11 1 
0.18-1.05 5 
0.32-1.25 5 

0.542 2 
-3.0566 $ 

16.993 3 
10.933 3 
2.159 9 

-2.5644 $ 

0.775 5 
1.276 6 
13.862 2 

13.580 0 
12.737 7 

0.56 6 
0.881 1 

2.712 2 
12.418 8 
1.555 5 
0.580 0 
9.555 5 
3.677 7 
1.570 0 
5.104 4 
2.167 7 

n.s. . 
n.s. . 

0.0000 " 
n.s. . 
n.s. . 

0.0055 ** 

n.s. . 
n.s. . 

0.0000 ** 

0.0011 " 
0 .000" " 

n.s. . 
n.s. . 

n.s. . 
0.0011 ** 

n.s. . 
n.s. . 

0.0033 ** 
n.s. . 
n.s. . 
n.s. . 
n.s. . 

Riskk factors tor developing thyroid damage after irradiation for 37 survivors with thvroid damage vs. 150 

survivorss without thyroid damage. Patients with central hypothyroidism arc excluded. To correct for double 

usee of the group survivors without thyroid damage in analysis for central thyroid damage, significance was 

sett at P < 0.0253. When outcome was expected, significance was tested 1 -tailed. 

PLxpectedd risk for thyroid damage is: -f,: HM = females < males;-fv H( (= younger age during RT < older age 

duringg RT; -J-,: H(h - high risk field RT < intermediate or low risk field RT; f4: HM = intermediate risk field 

RTT < low risk field T; | 5 : H(, = low risk field RT > intermediate and high risk RT ; f(): H„  - low dose RT > 

highh risk RT; f,: H,, - this combination of ChT < other combination ChT; £ For mean age and mean dose, 

thee mean difference with CI with its corresponding t value is presented, instead of the RR with its X2 value; 

** == P value significant when < 0.0253; n Rounded : if tested one-tailed (outcome expected) CI was set at 

94.944 %; for two-tailed tests CI was set at 97.47 % (Student's t test and Pearson X2)\ RT, radiotherapy; ChT, 

chemotherapy;; n .s .- not significant; NHL , non-Hodgkin Lymphoma; HD, Hodgkin's disease; ALL , Acute 

Lymphoblasticc Leukemia. 

diseasee (in 70.3 % and 84.0 %, respectively). Treatment with chemotherapy in general, 

withh any type of drugs or with any previously described combinations of drugs, did 

nott increase the risk for developing thyroid damage. The risk for developing thyroid 

damagee was, however, lower after treatment with the combination of antimetabolites 

andd steroids, with antimetabolites alone, and with administration of chemotherapy 

duringg irradiation (relative risk, 0.33, 0.41 and 0.32, respectivelv). 



Forr the 37 survivors with thyroid damage, all administered drugs were analyzed 

separately.. Due to low patient numbers, the relationship between a certain drug and 

thee type of thyroid damage could not be assessed reliably. 

Thee mean radiation dose for survivors who developed thyroid damage was 35.4 Gy 

(range,, 18.0-70.0; Table 6). Radiation in the high risk field was given in a mean dose of 

36.66 Gy (range, 18.0-70.0) to survivors who developed thyroid disease, which was 

significantlyy higher than the mean dose given to survivors who did not develop thyroid 

damagee (Table 7). The numbers of survivors who developed thyroid damage in the 

intermediatee and low risk fields were too small to allow for statistical analysis. 

Tablee 7. Mean radiatio n dose for  developing thyroi d damage in the different risk groups 

Thyroi dd damage No thyroi d Mann-Whitney Z value P value 
damagee U 

Jrlighh risk (n= KM) n=31 
Meann dose (Gy) 36.6 
(95%% CI) " (30.6-42.3) 

Intermediatee risk (n=65) n=4 
Meann dose (Civ) 23.3 
(955 . CI) (177-28.8) 

U ww risk ( n=21) n=2 
Meann dose (GY) 40.0 
(95%% CI) (-23.5-103.5) 

n.a.,, not applicable; Gy, Gray; CI, confidence interval; * P value significant when < 0.05 

Thee mean radiation dose of survivors developing central hypothyroidism was 34.7 

Gyy (range, 7.5-65.0; Table 8). Central hypothyroidism occurred most frequently in 

survivorss with brain tumors (72.2%). Five patients given irradiation (three in the low 

andd intermediate risk fields, one in the high and low risk fields, and one in the low risk 

field)field) with a mean total dose of 27.2 Gy in the treatment for ALL (n=4) and HD 

(( n-1) also developed central hypothyroidism. 

Survivorss who were irradiated in the low risk field for developing thyroid damage 

weree more at risk for developing central hypothyroidism than were those who were 

irradiatedd in the high and intermediate risk fields. The risk to develop central 

hypothyroidismm was decreased for survivors who had been treated with any 

chemotherapy,, with chemotherapy during RT, and with chemotherapy after the 

administrationn of vinca-alkaloids and steroids. 

n== 0 

2799 "35 -2.63 0.D04* 
(25.9-39.7) ) 

n=61 1 
25.IJJ n.a. n.a. n.a. 

(23,3-26") ) 
n=19 9 
44.33 n.a, n.a. n.a. 

(36.8-51.8) ) 
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Tablee 8. Relative risks for  centra) hypothyroidism (univariat e analyses) 

Centrall  No thyroi d Relative Risk 95 % CI  n £2 -statistic P value 
hypothyroidismm axis damage 

N == 18 N=150 

One-tailedd ( outcome expected) 
Brainn tumor (%) j -
Highh risk RT <%) f, 
Intermediatee risk RT (%) -f, 
Ixjwriskk R T ( % ) |4 

Meann dose RT ( Gy) f, 
Meann age during RT (yrs) f( 
Two-tailedd (outcome unknown) 
Malee (%) 
Tumorr type (%) 

ALL L 
NKL /H D D 
Other r 

Chemotherapyy (%) 
Anyy type of ChT 
ChTT during RT 
Alkylatingg agents 
Anti-neoplasticc antibiotics 
Antimetabolites s 
Vinee a -alkaloids 
Too po-i some rase inhibitor 
Asparaginase e 
Steroids s 

72.2 2 
44,4 4 
27.8 8 

27.8 8 
34.7 7 
7.7 7 

6! ! 

22.2 2 

5.6 6 
0 0 

55.6 6 
22.2 2 
58.9 9 
11.1 1 
44.4 4 
38.9 9 

11.1 1 
11.1 1 
38.9 9 

20.7 7 

467 7 
411.7 7 

127 7 
28.7 7 
7.7 7 

50 0 

46.7 7 

22.(1 1 
10.7 7 

88.7 7 
56.7 7 
42" " 
42.0 0 
68.0 0 
84.0 0 
12.7 7 

38.7 7 
76.7 7 

7.33 3 
0,92 2 
0.59 9 
2.30 0 

-6.002$ $ 
-0.018$ $ 

1.50 0 

0.36 6 
0.23 3 
0.24 4 

0.22 2 
0.25 5 
0.87 7 
0.20 0 
0.42 2 
0.17 7 

0.88 8 
0.23 3 
0.24 4 

2.779-19.322 2 
0.38-2.22 2 
0.22-1.59 9 
1.1.91-5.87 7 

-11.47-0.53 3 
-2.07-2.03 3 

97.55 % CI* 
0.54-4.17 7 

0.107-1.229 9 
0.024-2.224 4 
0.01-5.70 0 

0.09-0.56 6 
0.07-0.86 6 
0.321-2.42 2 
(.1.04-1.02 2 
0.16-1.14 4 
0.06-0.45 5 

0.18-4.31 1 
0.04-1.16 6 
0.09-0.66 6 

22.098 8 
0.032 2 
1.119 9 
2.997 7 

-2.1611 + 
-0.0188 X 

0.794 4 

3.896 6 
2.692 2 
2.122 2 

13.911 1 
7.65 5 
0.94 4 
6.464 4 
3.945 5 
19.830 0 
0.36 6 
5.315 5 
11.535 5 

O.UOOO ** 

n.s. . 
n.s. . 

0.044 * 
0 . 0 1 5" " 

n.s. . 

n.s s 

n.s. . 
n.s. . 
n.s. . 

0.0000 *-
0.012** * 

n.s s 
0.0277 -

n.s. . 
0.(.KKJJ ** 

n.s. . 
n.s. . 

0.0022 ** 

Riskss for damage to the pituitary gland/hypothalamus after treatment for a malignancy during childhood, 

calculatedd as univariates. Patients with thyroid damage are excluded from this analysis. When outcome was 

expected,, significance was tested 1-tailed. Expected risk for thyroid damage is: f,: H(l , braintumors < no 

braintumors;; f2: H r ,, high thyroid risk field RT > intermediate or low risk field RT; f,: H(h, intermediate 

thyroidd risk field RT < less pituirary/hypothalamus damage ;f4: H u , low risk field RT < intermediate and 

highh risk field RT; f.: H( l , lower dose RT > high dose RT; f(): HM , lower age during RT < higher age during 

RT;; $ For mean age and mean dose the mean difference with its corresponding t value is presented, instead 

off  the relative risk (RR) with its X2; * > P value significant when 0.0253 < P < 0.0506;**, P value significant 

whenn < 0,0253 ; 3 Rounded, if tested one-tailed (outcome expected) CI was set at 94.94 %, for two-tailed 

testss CI was set at 97.47 % (Student's t test and Pearson x)l RT, radiotherapy; ChT, chemothcrapv; CI, 

confidencee interval; n.s., not significant. 

Multivariatee analysis for the occurrence of thyroid damage showed significant 

associationss of high risk irradiation field, dose of radiation, and history of NHL/HD 

(Tablee 9). 

Thee use of vinca-alkaloids showed near-significance after correction for covariates 

(P=(P= 0.067; eP= 0.311; 95% confidence interval, 0.89-1.084) for protection of 

hypothalamic/pituitaryy damage. A history of a brain tumor ŵ as the only predictor for 

centrall  hypothyroidism in the multivariate analysis. 

InIn the group of 291 survivors who had not been irradiated in the pericervical region, a 



Tabl ee 9. Signif icant risk factors for  deve lop ing thyroi d axis damage after  chemotherapy and 

radiotherapyy durin g chi ldhood. 

Outcomee Covariate ep 95 % CI  P value Cox &  Snell R2 AUC 

Thyroidd damage )oscRT T 
%hh Risk RT 
sHL/HD D 

nn rumor 

1.UÓH H 

4786 6 
3.801 1 

9.981 1 

1.(.124-1.(!T T 
11 "Hi 1-12.865 
1.58~-9,102 2 

3.3[J"-3U.119 9 

o.UOll

0.IKI 22 " * 

0.<X)33 " * 

0.11 X ) ! ) " " 

o.ll  "6 

o . l i r r 

0."H3 3 

0.758 8 

Multivariatee analysis using binary logistic regression (enter), with thyroid or central thyroid axis damage as 

dependentt using a minimum of 2D cases per covariate. Covariates were included when (near) significance 

wass found in the univariate analysis. **  Significance was found when P < 0.05; RT, radiotherapy; CI, confidence 

interval;; AUC, area under the curve; ĉ  , the odds ro develop thyroid or central hypothyroidism given a 

certainn characteristic relative to the odds for the thyroid or central damage in the absence of that characteristic; 

NHL ,, non-Hodgkin Lymphoma; HI) , Hodgkin's disease. 

similarr incidence of thyroid dysfunction was found (1.1 %) as compared with the registered 

incidencee of thyroid problems in a similar age group in The Netherlands (0.9 %)2 ?. 

Discussion n 
InIn this study we confirm the occurrence of thyroid dysfunction after pericervical 

irradiationn as described by others r ,A i l ; in 55 (26.8 %) of 205 young adults who 

survivedd childhood cancer, thyroid axis disease was found, of which 67.2 % was related 

too the thyroid itself. 

However,, in contrast to some existing literature described in the introduction of this 

report,, no lasting deleterious effect of any drug or scheme of chemotherapy in addition 

too radiotherapy on the thvroid axis was found. Also, in the 291 survivors treated only 

withh chemotherapy, there was no evidence of increased incidence of thyroid problems. 

Thee differences between the results of our analysis and those found in previous studies 

aree most likely explained by the confounding effect of irradiation. To correct for this 

confoundingg effect, multivariate analysis was performed. In the univariate analyses, 

thee administration of antimetabolites, the combination of antimetabolites with steroids, 

andd chemotherapy during radiotherapy showed some effect on the thyroid gland, but 

insteadd of a negative effect a protective effect was found (Table 6). Although one 

otherr study has described a possible radioprotective capability of chemotherapy for 

thvroidd tissue of different drugs 2(l, significance of chemo-protection disappeared 

afterr correction for radiation dose and field in our multivariate analysis (Table 9). 



Afterr correction for the presence of other determinants, the risk factors identified for 

developingg thyroid damage were field of irradiation, higher irradiation dose and the 

historyy of NHL/HD. 

Thee two survivors who had developed papillary thyroid carcinoma, had both been 

irradiatedd with 18 Gy in the cervical region. These doses are low compared to the 

dosess administered to the 17 survivors who developed (subclinical) hypothyroidism 

(mean,, 39 Gy; range, 19.5-66 Gy). This observation is in line with those of many 

otherr studies, demonstrating that the risk to develop hypothyroidism increases with 

radiationn dose 6'11,14, whereas the risk to develop thyroid malignancy peaks at relatively 

loww doses and levels off with increasing radiation dose 2 -2H. 

Statisticall  analysis showed an increased risk for survivors with NHL/HD to develop 

thyroidall  damage even after correction for radiation field and dose. Many studies 

evaluatingg thyroid function after treatment for lymphoma in childhood have been 

performedd 6,t >213
j but the presence of an increased susceptibility for thyroid damage 

inn these survivors has not been described. Although this could be a chance finding of 

thee present study, this observation merits further research. 

Forr patients with brain tumors, it is remarkable that after multivariate analysis, the risk 

forr central hypothyroidism is significantly increased, in disregard of radiation dose or 

fieldfield (Table 9). This implies the need for thyroid function monitoring in all patients 

withh brain tumors. 

However,, we also found central hypothyroidism in five patients treated with cranial 

irradiationn for ALL and HD, supporting the previously described damaging effect of 

irradiationn on the pituitary gland and hypothalamus 24-3tJ>31. 

Althoughh we did not find any permanent additional adverse effects of chemotherapy on 

thee thyroid axis, a few remarks seem justified. First, it is important to realize that the 

susceptibilityy of the thyroid gland for chemotherapy is apparendy lower than that of 

otherr endocrine organs (e.g. the gonads)19, and that those other endocrine functions 

shouldd be monitored continuously in cancer survivors after treatment with chemotherapy. 

Second,, as was stated recently 31-32, unrecognized thyroid problems may be present in 

survivorss of childhood cancer. These subclinical thyroid problems could have been 

missedd in this evaluation as we did not perform dynamic thyroid function tests (e.g. 



TRH-tests,, overnight surge of TSH) when the thyroid function determinants were 

normall  at first evaluation. Also, transient dysfunction of the thyroid gland cannot be 

excluded,, as we measured thyroid parameters several years after the chemotherapy 

andd radiotherapy was given. 

Forr these reasons we suggest that thyroid function should be monitored carefully during 

andd shortlv after treatment with chemotherapy, as low thyroid hormone concentrations 

inn children can have severe consequences for growth and development. After treatment 

withh (peri-) cervical radiotherapy, we advise always evaluating both thyroid structure and 

functionn using ultrasonography and sequential measurements of plasma TSH together 

withh tree T4 (for evaluation of thyroid and central hypothyroidism). 

Inn conclusion, permanent radiation-associated thyroid axis damage is present in young 

adultss who survived childhood cancer. However, permanent thyroid axis damage is 

nott ascribablc to treatment with chemotherapy. 
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