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Abstract

Background: Thyroid dysfunction (hypo- and hyperthyroidism) has been reported as a late effect after hematopoietic stem cell transplantation
(HSCT) in children. Short-term effects of HSCT on thyroid function parameters are, however, unclear.

Methods: \We prospectively evaluated thyroid function parameters before and 3 months after HSCT in all children (<21 years) who underwent
HSCT during a 2-year period in the Princess Méaxima Center, the Netherlands.

Results: Among 72 children, none had thyroidal hypothyroidism or hyperthyroidism 3 months after HSCT. Changes in thyroid function
parameters (either aberrant thyroid-stimulating hormone [TSH] or free thyroxine [FT4] concentrations) were found in 16% before and in 10% 3
months after HSCT. Reverse triiodothyronine (rT3) was found elevated in 9.3% before and in 37% 3 months after HSCT, which could be
related to poor physical condition. An individual decline in FT4 concentration of >20% was found in 10.5% (6/57) 3 months after HSCT.

Conclusion: In conclusion, thyroidal hypo- and hyperthyroidism are very rare 3 months after HSCT. These results indicate that surveillance for
hypo- and hyperthyroidism may start later in time. The changes in thyroid function parameters found 3 months after HSCT might reflect euthyroid
sick syndrome.
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Significance

Thyroid function parameters were evaluated after the first 3 months following hematopoietic stem cell transplantation
(HSCT). No clinically relevant hypo- or hyperthyroidism was found after 3 months requiring intervention. These results
are reassuring and may imply that surveillance for hypo- and hyperthyroidism may be unnecessary shortly after HSCT.
The changes in thyroid function parameters found 3 months after HSCT may reflect the presence of euthyroid sick syndrome
(ESS) and poor physical condition.

Introduction

Hematopoietic stem cell transplantation (HSCT) has become
an important treatment modality to improve the prognosis
for several benign and malignant childhood diseases.'
Adverse effects of HSCT, however, have been described on
the endocrine system, including thyroid dysfunction.
Thyroid hormones are essential during childhood.®*
Hypothyroidism may result in fatigue, declining growth,

mental retardation in the young, and constipation, and it
has cardiovascular consequences.” Hyperthyroidism may
cause tachycardia, growth acceleration, fatigue, diarrhea,
and emotional imbalances.®

Hypo- and hyperthyroidism have been reported to occur as
adverse late effects of childhood cancer treatment, as well as
following HSCT,® especially after treatment with busulfan
or melphalan”® and radiotherapy’ or due to autoimmune
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disease following allogeneic HSCT.'? Signs and symptoms of
thyroid dysfunction can be overlooked in children; therefore,
surveillance for thyroid function is advocated after cancer
treatment and HSCT. In this regard, not only thyroid function
parameters outside the reference ranges may be of clinical im-
portance, but, as was shown in childhood cancer survivors fol-
lowing cranial irradiation, a decline in free thyroxine (FT4)
concentration of >20% can be clinically relevant,'">!
when FT4 is still within normal reference ranges.

Previous studies showed a prevalence of hypothyroidism
after HSCT ranging from 10.0%-22.3 %, occurring after a me-
dian of 1.8-5.3 years,®'3"!° with increased risk after total body
irradiation (TBI) as conditioning and younger age at the time
of HSCT.? The prevalence of hypo- or hyperthyroidism was
reported in 12.6%, 22.5%, and 34.0% at 5, 10, and 135 years
post-HSCT, respectively.'> The minimum time between
HSCT and the occurrence of hypo- or hyperthyroidism is un-
certain. Some studies already reported thyroid dysfunction 4
months after HSCT.'®'® Currently, there is no agreement on
the timing of surveillance of thyroid dysfunction after
HSCT, as screening has been advised starting from 3 months
to 1 year after HSCT.»'7"?

In children undergoing HSCT, thyroid hormone metabol-
ism may also change due to supportive care drugs (eg, decrease
in thyroid-stimulating hormone [TSH] concentration due to
corticosteroids) or as a consequence of an adaptation mechan-
ism of the body to severe illness, called the “euthyroid sick syn-
drome” (ESS).%° In this situation, secretion of other pituitary
hormones may also be distorted such as gonadotropins (lead-
ing to amenorrhea) and growth hormones (GH) (leading to
low insulin-like growth factor [IGF-1] concentrations).>! In
ESS, changes in thyrotropin-releasing hormone (TRH) metab-
olism and deiodinase activity”>** result in low-normal TSH
and low FT4 and free triiodothyronine (FT3) with increased
reverse triiodothyronine (rT3) concentration. Euthyroid sick
syndrome is considered to be a physiological adaptation mech-
anism that does not require thyroxine treatment.”* It may be
hypothesized that having aberrant thyroid function parame-
ters for a prolonged time during recovery from HSCT in child-
hood has clinical consequences.

As euthyroidism is important for optimal recovery after
HSCT, we first questioned whether thyroid dysfunction oc-
curs shortly after HSCT. Second, we questioned whether thy-
roid function parameters are aberrant 3 months after HSCT
and, if so, their relation to clinical well-being and whether
such changes have clinical relevance. These questions
prompted us to perform a prospective study evaluating thy-
roid function parameters before and 3 months after HSCT
in children.

Methods

Patients

During a 2-year period (January 2020 to April 2022), thyroid
function parameters in all children (<21 years) who under-
went HSCT (allogeneic or autologous) in the Princess
Mixima Center for Pediatric Oncology were measured before
and 3 months after HSCT. Children known with previous thy-
roid disease, Down syndrome, a thyroid cancer predisposition
syndrome, a history of neck irradiation, and meta-
iodobenzylguanidine (MIBG) treatment and children with a
brain tumor in the hypothalamic—pituitary (HP) region were
excluded from this study. In total, 76 children were assessed
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Figure 1. Flowchart included children (THYRO-Dynamics study).

for eligibility; 2 children were excluded, and 2 children did
not consent to the study (Figure 1). Informed consent was
obtained from 72 children (97% of eligible children).

Ethics

The research protocol was approved by the medical ethics
committee of the Princess Madxima Center (NedMec,
NL69960.041.19) and conducted in accordance with the prin-
ciples of the Declaration of Helsinki. For ethical reasons,
blood samples for the study were only taken if simultaneous
sampling for clinical reasons was necessary. Informed consent
was obtained from all children and/or their parents and/or
legal representatives.

Data collection
Thyroid function parameters TSH, FT4, rT3, and IGF-1 and
anti-thyreoperoxidase (anti-TPO) concentrations were meas-
ured before HSCT (—100-0 days before HSCT) and at 3
months after HSCT (60-160 days after HSCT). The results
of the laboratory investigations were interpreted by the treat-
ing physician. As this was a descriptive study, no interventions
were done. However, in case of aberrant thyroid function tests
requiring further evaluation or intervention (FT4 concentra-
tions below the reference range or TSH values > 10 mU/L),
children were referred to the pediatric endocrinologist.
Clinical data on anthropometrics (height, weight, and body
mass index [BMI]) and general well-being (body temperature,
vomiting, nutritional status, and overall physical condition)
were abstracted from children’s electronic medical records
on the day of blood sampling. Physical condition was catego-
rized into “good” (no complaints), “medium” (moderate
complaints, “not feeling well” or “feeling tired”), or “poor”
(severe complaints or “feeling ill”), as noted by the health
care provider/nurse.
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Laboratory assays

A description of the laboratory assays is shown in Appendix
S1. Reference values are shown in Table 1.

Definitions and statistics

Thyroidal hypothyroidism was defined as TSH concentration
> reference interval (5.0 mU/L) at diagnosis or 3 months after
diagnosis. The severity of thyroidal hypothyroidism was de-
fined as mild (TSH > 5 mU/L, FT4 within the reference range),
moderate (TSH > 10 mU/L, FT4 within reference ranges), or
severe (TSH > 10 mU/L, FT4 <reference range). Thyroidal
hyperthyroidism was defined as suppressed TSH in combin-
ation with FT4 within the reference range (mild) or suppressed
TSH in combination with FT4 above the reference range (se-
vere). Hypothalamic—pituitary hypothyroidism (central hypo-
thyroidism) was defined as non-elevated TSH concentration in
combination with FT4 concentration below the reference
range and non-elevated r'T3. Euthyroid sick syndrome was de-
fined as FT4 concentration < reference range in combination
with elevated rT3 concentration. The severity of ESS was de-
fined as mild (FT4 9-10 pmol/L), moderate (FT4 7-9 pmol/
L), or severe (FT4 < 7 pmol/L).

Data are presented as mean + SD or median (range) for con-
tinuous data, depending on the distribution. Data are pre-
sented as percentages for categorical variables. Differences
between groups were examined by unpaired Student’s #-tests
for normally distributed continuous data and Mann—
Whitney U tests for continuous data with a skewed distribu-
tion. For categorical data, y* tests or Fisher’s exact tests (if
the assumptions for y* were violated) were used. Between
time points, differences were evaluated by paired Student’s
t-tests for continuous data with a normal distribution and
Wilcoxon matched-pair signed rank tests for continuous
data with a skewed distribution. To assess violation of nor-
mality distribution, QQ plots of the residuals and Shapiro—
Wilk’s tests were used. For analysis of changes in thyroid
hormone concentrations, only paired blood samples were
used. The Pearson correlation coefficient was calculated to
measure the strength of a linear association between 2 continu-
ous variables. Analyses were performed by using SPSS version
27.0. P-values of <.05 were considered statistically significant.

Results

Patient characteristics

Among 72 included children, 42 (58%) were diagnosed with
leukemia (Table 2). Sixty-eight (94%) children underwent
allogeneic HSCT, and 5 had already undergone >1 previous
HSCT. The median age at HSCT was 10.2 years (0.2-20.4
years), and 60% were male. Three children (4.2%) were de-
ceased within 3 months after HSCT.

Thyroid function parameters

Hypo- and hyperthyroidism

In Table 1, median plasma concentrations of thyroid function
parameters are shown.

Before HSCT, TSH and FT4 were both measured in 7z =68
children. Of these, 84% (64/68) had both the TSH and FT4
concentrations within reference ranges. One child (1/68;
1.5%) had mild thyroidal hypothyroidism before HSCT.
None were found to have hyperthyroidism before HSCT.
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Table 1. Median plasma concentration of thyroid function parameters
measured before HSCT and 3 months after HSCT.

Thyroid function Before HSCT 3 months after  P-value
parameters Concentration HSCT
mlIU/L Concentration
Median (range) mlIU/L
(# samples) Median (range)
(# samples)
TSH 2.20 (0.44-5.20)  2.50 (0.49-5.80) 206
(0.30-5.00 mIU/ (n=168) (n=160)
L)
FT4 (10-22 pmol/ 15 (9-20) 15 (8-24) .143
L)? (n=169) (n=1359)
rT3 0.15 (0.08-1.65)  0.20 (0.11-0.40) .012
(0.098-0.218 ng/ (n=44) (n=39)
mL)
IGF-1 (nmol/L, age 22.50 21.80 119
and sex specific) (2.30-53.60) (2.30-74.20)
(n=166) (n=160)
IGF-1 SDS" 0.06 0.03 .196
(=2.22-2.41) (—2.47-3.03)
(n=62) (n=353)

P-value: for analysis of changes in thyroid hormone concentrations, only
paired blood samples (diagnosis and 3 months after diagnosis) were used
(TSH: 7= 58; FT4: n=57; rT3: n= 24; IGF-1: .= 55; IGF-1 SDS: 7 = 48).
Abbreviations: FT4, free thyroxine; HSCT, hematopoietic stem cell
transplantation; IGF-1, insulin-like growth factor; rT3, reverse
triiodothyronine; TSH, thyroid-stimulating hormone. *Dependent on age: 20
days-3 years: 12-21 pmol/L 3-5 years: 10-19 pmol/L; 5-19 years:

11-20 pmol/L; >19 years: 10-22 pmol/L. PIGF-1 SDS of children <6 months
of age are not presented on the electronic patient chart; data could not
automatically be retrieved.

Table 2. Baseline characteristics of 72 children undergoing HSCT.

Baseline characteristics

10.2 (0.2-20.4)
43/29 (60/40)

Age at HSCT (years) (median, range)
Male/female (%)

Diagnosis
Leukemia 42 (58%)
ALL 21 (29%)
AML 16 (22%)
CML 2 (2.8%)
Other® 3 (4.2%)
Myelodysplastic syndrome 6 (8.3%)
Lymphoma 4(5.6%)
Severe aplastic anemia 4 (5.6%)
Fanconi anemia 5(6.9%)
Hurler syndrome 5(6.9%)
Other” 6 (8.3%)
Type of stem cell transplantation
Autologous 4 (5.6%)
Allogeneic 68 (94%)

TBI (conditioning regimen) 22/72 (31%)
Mean BMI SDS (+SD)
Before HSCT

3 months after HSCT

0.52 (1.37)
0.21 (1.41)

Abbreviations: HSCT, hematopoietic stem cell transplantation; ALL, acute
lymphatic leukemia; AML, acute myeloid leukemia; CML, chronic myeloid
leukemia; TBI, total body 1rradlat10n BMI, body mass index. “Includlng
juvenile myelomonocytlc leukemia and acute bilineage leukemia. "Including
Wolman disease, juvenile dermatomyositis, teratoid rhabdoid tumor,
Diamond-Blackfan anemia, medulloblastoma, and Ewing sarcoma.

Three (4.4%; 3/68) showed decreased FT4 concentrations
(9,10,and 11 pmol/L) with non-elevated TSH concentrations.

Reverse T3 in combination with TSH and FT4 had been
measured in 43 children before HSCT. In 2 out of 43 children
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(2.8%), FT4 was below reference ranges with non-elevated
TSH and non-elevated r'T3; they were considered to have cen-
tral hypothyroidism (diagnoses: acute lymphatic leukemia
[ALL] [7 = 1], acute myeloid leukemia [AML] [z =1]).In 1 pa-
tient with decreased FT4 and non-elevated TSH concentra-
tions, r'T3 was not measured.

All values were discussed with the pediatric endocrinology
department. None of the children were started on thyroid
hormones.

Three months after HSCT, TSH and FT4 combined were
measured in 59 children. The TSH and FT4 concentrations
within reference ranges were found in 90% (53/59) of chil-
dren. None had thyroidal hypo- or hyperthyroidism. Two
(3.4%; 2/59) children (with normal FT4 before HSCT)
showed decreased FT4 concentrations (10 and 8 pmol/L)
with non-elevated TSH concentrations. Four children (6.8 %;
4/59) showed elevated FT4 concentrations (median 23 pmol/L,
range 21-24 pmol/L) with TSH concentrations within the refer-
ence range.

Euthyroid sick syndrome

The prevalence of ESS was determined in children in whom
simultaneous measurements of TSH, FT4, and r'T3 were avail-
able. Before HSCT, no ESS was found in 43 children in whom
these measurements were available. Three months after
HSCT, in 1 of 38 children in whom FT4, TSH, and rT3 had
been measured simultaneously (2.6%; 1/38), (moderate) ESS
was found.

Overall, 3 months after HSCT, the median concentration of
rT3 significantly increased (0.15 ng/mL [0.08-1.65] to
0.20 ng/mL [0.11-0.40]; P=.012) (Table 1). No significant
correlation was found between the FT4 and rT3 concentra-
tions before or 3 months after HSCT (before HSCT:
r = 0.16, 95% CI —0.95-0.97; after HSCT: »r=0.30, 95%
CI —0.95-0.97). However, a significant negative correlation
was found between TSH and rT3 (r=-0.37, 95% CI
—0.61-—0.06) 3 months after HSCT. Additionally, no signifi-
cant correlation was found between age at HSCT and FT4 or
rT3 concentrations 3 months after HSCT.

Anisolated rT3 elevation (with no decrease in FT4 and non-
elevated TSH) was found in 9.3% (4/43) and 37% (14/38) of
the children before and 3 months after HSCT, respectively.
Children with isolated elevated rT3 concentrations 3 months
after HSCT showed a median increase of FT4 in this period
of +27% compared to +5.9% in others (P =.077). No other
differences were found between children with elevated rT3
levels 3 months after HSCT compared to those without under-
lying disease or any administered chemotherapy groups, corti-
costeroids (Table 3), or BMI (Table 1).

Dynamics of thyroid function parameters

Overall, no significant differences were found in median FT4,
TSH, or IGF-1 concentrations 3 months after HSCT when
compared to before HSCT (Table 1). No correlation between
IGF-1 standard deviation score (SDS) and rT3 concentrations
was found 3 months after HSCT (r=0.13, 95% CI
0.22-0.44).

A paired TSH and FT4 measurement was available for 57
children. The median difference in FT4 concentration between
the 2 time points was +5.0%. A decline in FT4 3 months after
HSCT of 10%, 20%, and 30% was found in 30% (17/57),
11% (6/57), and 3.5% (2/57) of children, respectively.
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Table 3. Overview of groups of chemotherapeutic agents and
corticosteroids administered in children undergoing HSCT.

Chemotherapy groups Thyroid hormone Thyroid hormone
measurement before measurement +3
HSCT months after HSCT
Cumulative <7 Cumulative <7
n (%) days n (%) days
n (%) n (%)
Alkylating agents 29 (43) 0 (0) 57 (97) 0 (0)
Busulfan 3(4.4) 0 (0) 21 (37) 0 (0)
Melphalan 0(0) 0 (0) 3(5.3) 0 (0)
Antimetabolites 47 (69) 1(1.5) 57 (97) 0 (0)
Anthracyclines/ 35(52) 0 (0) 28 (48) 0 (0)
antineoplastic
antibiotics
Asparaginase 22 (32) 0 (0) 19 (33) 0 (0)
Platinum agents 2(2.9) 0 (0) 1(1.7) 0 (0)
Protein kinase 10 (15) 8 (12) 5 (8.5) 2(3.4)
inhibitors
Topoisomerase 30 (44) 0(0) 33 (56) 0 (0)
inhibitors
Vinca alkaloids 26 (38) 1(1.5) 21 (36) 0 (0)
Immunotherapy 19028 229 22(37) 1(1.7)
CAR-T cell infusion 11 (16) 0(0) 11 (19.3) NA
Corticosteroids® <48 h <48 h
n (%) n (%)

17 (29)

Chemotherapeutic agents or corticosteroids (Appendix S2) administered
prior to transplant and at the first measurement as well as at the second
measurement 3 months after HSCT (the latter including the conditioning
regimen). Abbreviations: HSCT, hematopoietic stem cell transplantation;
CAR-T, chimeric antigen receptor (CAR) T cell therapy; NA, not applicable.
*Including corticosteroids used as graft versus host disease (GVHD)
prophylaxis, anti-inflammatory drugs, or anti-emetic drugs.

Anti-TPO concentrations

Anti-TPO was measured in 59 children pre-transplant. Two
children (3.4%) had elevated anti-TPO concentrations before
HSCT compared to none of the children after HSCT. One of
the 2 children with elevated pre-transplant anti-TPO concen-
trations had a decreased FT4 concentration after 3 months
with a normal TSH concentration.

Chemotherapy, corticosteroids, and TBI

Table 3 provides an overview of the groups of chemotherapy
that had been administered to the children in whom thyroid
hormones were measured. Three months after HSCT, 21
(37%) and 3 (5.3%) children had received busulfan or mel-
phalan, respectively. Corticosteroids had been administered
to 1 child <48 h before the first thyroid hormone measure-
ment, while 3 months after HSCT, 17/59 (29%) children
had received corticosteroids <48 h. In these 17 children, FT4
concentrations were higher (P <.001) and TSH concentra-
tions were lower (P <.001) compared to those not receiving
corticosteroids <48 h before thyroid hormone measurement.
Reverse T3 concentrations did not differ between the 2
groups. Total body irradiation (12 Gy) had been part of the
conditioning regimen in 31% of the children. The FT4,
TSH, and rT3 concentrations of these irradiated children
were comparable with non-irradiated children 3 months after
HSCT.
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General well-being and anthropometrics

Before HSCT, 15%, 16%, and 13% of the children reported
symptoms of pain, symptoms of nausea/vomiting, and the
presence of fever on the day of blood sampling, respectively.
Physical condition was scored as “medium” in 35% of the
children and “poor” in 1 child. Three months after HSCT,
symptoms of nausea/vomiting, pain, and fever were reported
in 24%, 25%, and 3.5%, respectively. Physical condition
“medium” and “poor” were scored in 49% and 1.7% of the
children 3 months after HSCT. Children with elevated rT3
concentrations 3 months after HSCT scored significantly
more often “medium” or “poor” on physical condition com-
pared to those without elevated rT3 concentrations (11/14
[79%] vs 10/24 [42%] [P = .043]). The mean BMI SDS before
HSCT was 0.52 + 1.37 (which significantly decreased to 0.21
+1.41) (P =.004). No correlation was found between BMI
SDS and TSH, FT4, or rT3 at both time points.

Discussion

This prospective study of a 2-year cohort of children treated
with HSCT in the Princess Mdxima Center enabled us to
evaluate thyroid function parameters after the first 3 months
following HSCT. We did not find any clinically relevant
hypo- or hyperthyroidism after 3 months requiring interven-
tion. These results are reassuring and may imply that surveil-
lance for hypo- and hyperthyroidism may be unnecessary
shortly after HSCT. However, we did find an individual de-
cline in FT4 of >20% after 3 months in 11% of the children.
The period of time of this FT4 decline or whether such a severe
FT4 decline has clinical consequences on growth, bone health,
or muscle development in these children is uncertain and may
be studied in future cohorts with longer follow-up time. Due
to the fact that the decline in FT4 must be considered adaptive,
we do not recommend treatment of this decline with
levothyroxine.

Baseline assessment of thyroid function pre-transplant is the
standard of care, which is of relevance, considering the im-
portance of having adequate thyroid function during HSCT,
and enables assessing changes in the thyroid function during
follow-up. The results of our study illustrate that thyroid func-
tion tests after 3 months may not be necessary. The baseline
thyroid function tests should, in our opinion, remain the
standard of care.

The high percentage of children developing elevated rT3
concentrations in combination with the significant negative
correlation between TSH and rT3 3 months after HSCT
underlines the possible presence of ESS in this group.”’ The
presence of ESS can be expected in light of the intensive treat-
ment that these children have undergone and in the setting of
immune dysregulation with an inflammatory milieu that may
impair organ function and tissue damage with, among others,
mucositis and feeding problems. In line with this, we found
that elevated rT3 concentrations were associated with “me-
dium and poor” physical condition.

Our results illustrate that the determination of rT3 in these
situations, as mentioned above, may serve as an objective
marker of physical condition. Furthermore, the determination
of rT3 may be helpful in clinical care when thyroid function
tests suggest central hypothyroidism with low FT4 and non-
elevated TSH concentrations. In such situations, rT3 will be
normal-low in case of central hypothyroidism but will be ele-
vated in case of ESS. In case of ESS, it is not recommended to
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treat with thyroid hormones.>* It may be important to note
that in many institutions, the determination of the rT3 concen-
tration often takes a few days, which may be a limitation in the
practical utility of rT3 as a discriminator between central
hypothyroidism and ESS.

Children suffering from prolonged severe illness have been
shown to present with low total T4 and FT4 concentrations.*®
For this reason, we had expected that since higher rT3 concen-
trations and “medium and poor” physical condition were as-
sociated, the FT4 concentrations of children with elevated rT3
concentrations would have been lower. No significant
correlation between r'T3 and FT4 was, however, found in chil-
dren with elevated rT3 concentrations. This may be explained
by the fact that circulating FT4 concentrations may transiently
rise during the acute phase of illness and normalize during
recovery.”” Another explanation for the non-decreased
FT4 concentrations might be that TRH metabolism had
already been restored, but during severe illness, the deiodinase
activity was altered, resulting in elevated r'T3 concentrations.
Unfortunately, T3 concentrations were not available; thus,
the T3/fT3 ratio, used to define ESS,>* could not be
determined.

Next to illness, age is also known to influence rT3 and FT4
concentrations, with higher rT3 and FT4 concentrations in
younger children.”® In our cohort, no significant correlation
of age with rT3 or FT4 concentrations could be found.

The changes in thyroid function parameters may, alterna-
tively to ESS, be explained by the administration of drugs,
such as corticosteroids.?” In our cohort, 29% of the children
had received corticosteroids <48 h of thyroid hormone meas-
urement 3 months after HSCT, although no significant differ-
ence in median rT3 concentrations was found between
children given corticosteroids <48 h before thyroid hormone
measurement and those not.

During severe illness, the body is in a catabolic state.?® This
catabolic state has been linked not only to changes in thyroid
function parameters but also to other pituitary hormones,
such as adrenocorticotropic hormone (ACTH) and GH. Due
to reduced pulsatile secretion of GH, IGF-1 levels may dimin-
ish. In our cohort, as well as in the children with elevated rT3
concentrations, IGF-1 SDS remained stable 3 months after
HSCT. The administration of corticosteroids might have influ-
enced these results since corticosteroids have been described to
increase IGF-1 concentrations due to corticosteroid-induced
insulin resistance.®' Alternatively, IGF-1 levels may already
have improved after a catabolic state due to illness, with a
more prolonged time for recovery of rT3.

Development of autoimmune thyroiditis after HSCT has
been reported.’>*3 We questioned whether autoimmune thy-
roiditis already occurs 3 months after HSCT; however, this
was not seen. Interestingly, none of the children showed ele-
vated anti-TPO levels 3 months after HSCT. This might be ex-
plained by the fact that HSCT may induce a “resetting” or
replacement of the dysfunctional immune system in children
with autoimmune disease.**

In this unique cohort, we studied the short-term effects of
HSCT on thyroid function parameters in children. The
strengths of this study are the relatively large cohort of chil-
dren and the systematic biochemical measurements before
and 3 months after HSCT. Also, the measurement of rT3 con-
centrations in addition to TSH and FT4 has given insight into
the relation between poor physical condition and the dynam-
ics of thyroid function parameters.
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The fact that only 72% of all the children undergoing HSCT
were assessed for eligibility may be considered a limitation.
However, this seemed to be due to logistic reasons, making se-
lection bias unlikely. Secondly, although thyroid function pa-
rameters were evaluated in 72 children, a paired TSH and FT4
measurement before and after 3 months was only available for
80% of the children due to ethical reasons (blood samples
were only taken if simultaneous sampling for clinical reasons
was necessary). Also, rT3 concentrations were only available
in 65% of the children and T3 measurements were not avail-
able. Lastly, the scoring of physical condition was done using
3 categories, which may have been subjective and not detailed.

In conclusion, this study shows that hypo- and hyperthy-
roidism are exceedingly rare in children 3 months after
HSCT and that surveillance for thyroid dysfunction may start
later in time, eg, at 6 months after HSCT.® Starting surveil-
lance earlier may even result in a large number of false-positive
results, as children may have aberrant thyroid function param-
eters caused by ESS in which thyroid hormone treatment is not
indicated. The fact that both a decline in FT4 concentration of
>20% was seen in 11% of children and elevated rT3 concen-
trations were frequently found 3 months after HSCT may re-
flect the presence of ESS and poor physical condition.
Reevaluation of these findings 1 year after HSCT might give
insight into the trend of thyroid function parameters and clin-
ical consequences.
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