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Introduction  Despite availability of the newest,
highly effective drugs in hematology, the num-
ber of allogeneic hematopoietic stem cell trans-
plantations (alloHSCTs) performed in Europe
is constantly growing, having reached 45 364
in 2020.!

Unfortunately, alloHSCT is associated with
many adverse consequences. Traditionally, they
are divided into early (<100 days) and late (>100
days after alloHSCT) events. There is a pletho-
ra of late complications that may lead to a con-
siderable decrease in the quality of life and, in
some cases, to death. Among them are ocular,
pulmonary, cardiovascular, dermatologic, neu-
rologic, skeletal, gastrointestinal, and urologic
dysfunctions, secondary neoplasms, as well as
endocrine complications.?

Impairment of the endocrine function follow-
ing alloHSCT can be associated with previous
therapies, graft-vs-host disease, and exposure to
corticosteroids after the procedure.® Particular-
ly well known is thyroid dysfunction, with sub-
clinical hypothyroidism being the most frequent-
ly diagnosed. In the literature, the incidence of
subclinical hypothyroidism 12 to 18 months af-
ter alloHSCT reaches 12% to 15%.° Therefore,
the consensus recommendations advise checking
the thyroid function yearly after alloHSCT, or ev-
ery time a dysfunction is suspected.®

Of note, in patients referred for alloHSCT, thy-
roid dysfunction may exist before the procedure.
Frequently, even though the level of thyroxine
(T4) is decreased (sometimes along with the level
of free thyroxine [FT4]), and the level of thyroid-
-stimulating hormone (TSH) is increased, the pa-
tients do not show symptoms of hypothyroidism.
Such impairment of the thyroid function is typ-
ical of chronic diseases.

The aim of this study was to evaluate the prev-
alence of subclinical and clinical thyroid dysfunc-
tions before as well as 3 months and 1 year af-
ter alloHSCT. Moreover, the presence of antithy-
roid antibodies before and after alloHSCT was
evaluated.

Patients and methods We performed a prospec-
tive, observational, noninterventional analy-
sis of patients after alloHSCT transplanted be-
tween March 2012 and January 2016 at the De-
partment of Hematology, Transplantation, and
Internal Medicine; University Clinical Center
of the Medical University of Warsaw, Poland.
The thyroid function tests were conducted be-
fore (within 1 week before the beginning of con-
ditioning) as well as 3 months (83-100 days) and
1 year (367-380 days) after alloHSCT. The day of
alloHSCT was marked as day O in the study. All
the procedures were standard and performed rou-
tinely in all patients before and after alloHSCT.
The Bioethics Committee was informed about
the beginning of the study, and approval was not
required. The patients were included before they
underwent alloHSCT. Information regarding pa-
tient characteristics was collected retrospectively
from medical records (data before alloHSCT) and
prospectively (data from the moment of patient
inclusion in the study). The study was conduct-
ed in accordance with the Helsinki Declaration.
The thyroid function test results for TSH, free
triiodothyronine (FT3), FT4, antithyroid per-
oxidase (anti-TPO), and thyroglobulin antibod-
ies (anti-TG) before alloHSCT were available in
173 patients. Hypothyroidism was diagnosed in
the patients with high levels of TSH (>4.2 mIU/])
and decreased levels of FT3 (<3.1 pmol/l) and/ or
FT4 (<12 pmol/l). Subclinical hypothyroidism was
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diagnosed in the patients with TSH levels above
4.2 mIU/]1 and with normal FT3 (3.1-6.8 pmol/])
and FT4 (12-22 pmol/l) concentrations. Hyper-
thyroidism was diagnosed in the patients with
TSH levels below 0.27 mIU/] and increased lev-
els of free hormones (FT4 >22 pmol/l and/or
FT3 >6.8 pmol/l). Subclinical hyperthyroidism
was considered present in the patients with TSH
levels below 0.27 mIU/l and with normal concen-
trations of free hormones (FT3, 3.1-6.8 pmol/l
and FT4, 12-22 pmol/l).

Patients were included in the group with an-
tithyroid antibodies when anti-TPO concentra-
tions were above 34 IU/ml or anti-TG levels were
above 115 IU/ml.

Statistical analysis The statistical analysis was
conducted using the R software v.4.1.1 (IDE RStu-
dio v.1.4.1717, R Foundation for Statistical Com-
puting, Vienna, Austria). The study groups were
characterized using descriptive statistics (medi-
ans, ranges). The influence of antithyroid anti-
bodies measured before alloHSCT on the frequen-
cy of subclinical hypothyroidism after the pro-
cedure was assessed with the Fisher exact test.
To check whether the distribution was uniform,
the X2 test was used. The associations between
thyroid function test variables and parameters
related to patient characteristics and transplan-
tation were calculated using the Pearson correla-
tion coefficient. The tests were considered signif-
icant if P was below 0.05.

Results Results of thyroid function tests bhefore,
3 months after, and 1 year after allogeneic hemato-
poietic stem cell transplantation Among the 173
consecutive patients whose thyroid function was
assessed before alloHSCT, abnormalities were
found in 59 individuals (33.53%), and the ma-
jority of them (n = 54 [31.21%]) had subclini-
cal hypothyroidism. However, none of the pa-
tients was diagnosed with hypothyroidism with
clinical manifestation within the week before
the start of conditioning. Six patients (3.4%) re-
ceived levothyroxine because of hypothyroidism
diagnosed long before alloHSCT. Five of them
(2.9%) reached euthyreosis before the trans-
plantation. One patient had an increased TSH
concentration along with normal levels of free
thyroid hormones. Hyperthyroidism was diag-
nosed in 1 patient (0.58%), and subclinical hy-
perthyroidism in 3 (1.73%).

Three months after alloHSCT, thyroid function
tests were performed in 157 patients, and abnor-
malities were found in 51 of them (32.48%). In
43 patients (27.39%), features of subclinical hy-
pothyroidism were noted, and 1 patient (0.64%)
was diagnosed with overt hypothyroidism. Three
patients received levothyroxine and were in eu-
thyreosis. None of the patient were diagnosed
with hyperthyroidism. Subclinical hyperthyroid-
ism was diagnosed in 2 patients (1.27%), and fea-
tures of low FT3 syndrome were noted in 5 indi-
viduals (3.18%).

POLISH ARCHIVES OF INTERNAL MEDICINE  2023; 133 (11)

One year after alloHSCT, the thyroid function
was evaluated in 87 patients, and abnormalities
were found in 11 of them (12.64%). Nine patients
(10.34%) were diagnosed with subclinical hypo-
thyroidism, and in 2 individuals (2.3%) features
of subclinical hyperthyroidism were observed. Of
note, none of the patients was diagnosed with
hypo- or hyperthyroidism. Two individuals re-
ceived levothyroxine and were in euthyrosis.

Overall, 76 patients had the thyroid function
assessed at all 3 time points. In this group, only
3 persons (4%) were diagnosed with subclinical
hypothyroidism before and after alloHSCT. In
1 patient, antithyroid antibodies were detect-
able at every time point, whereas the 2 other
patients were not tested for the presence an-
tithyroid antibodies. Interestingly, 14 patients
(18.4%) with subclinical hypothyroidism diag-
nosed before alloHSCT were in euthyrosis 1 year
after the transplantation. Additionally, only half
of them (n = 7) had subclinical hypothyroidism 3
months after alloHSCT. None of them received
levothyroxine. In 5 patients who were in euthy-
rosis before alloHSCT, subclinical hypothyroid-
ism occurred 3 months after the transplanta-
tion, but after 1 year the thyroid function re-
turned to normal. One patient was diagnosed
with hyperthyroidism before alloHSCT, and he
was negative for antithyroid antibodies before
and after the procedure. After starting therapy
with thiamazole, that patient remained in eu-
thyrosis during the follow-up.

Fourty-six patients (60.5%) remained in eu-
thyrosis during the entire follow-up. Interest-
ingly, 21 of them were tested for the presence
of antithyroid antibodies before alloHSCT, and
the results were positive in 3 individuals (6.5%)
(Supplementary material, Table S1).

Analysis of antithyroid antibodies before and after allo-
geneic hematopoietic stem cell transplantation Be-
fore alloHSCT, the levels of antithyroid antibod-
ies were tested in 142 patients. The results were
strongly positive in 19 patients (13.4%), includ-
ing 7 individuals (4.9%) with high concentra-
tions of anti-TG antibodies, 10 (7%) with high
levels of anti-TPO antibodies, and 2 (1.4%) with
high concentrations of both antibody types.
The median levels of anti-TG and anti-TPO an-
tibodies before alloHSCT were 22.13 IU/ml
(range, 1-4200 IU/ml) and 31.85 IU/ml (range,
3-650 IU/ml), respectively.

Three months after alloHSCT, the levels of an-
tithyroid antibodies were tested in 35 patients.
In this group, high concentrations of antibod-
ies were detected in 8 patients (22.86%). Among
them, 4 patients (11.4%) had a high anti-TG con-
centration, 1 (2.85%) had a high level of anti-TPO
antibodies, and 3 patients (8.6%) had high con-
centration of both antibody types. The medi-
an concentration of anti-TG antibodies was
100.9 IU/ml (range, 5-4500 IU/ml), and the me-
dian level of anti-TPO was 15.32 IU/ml (range,
3-563.7 IU/ml).
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FIGURE 1  Antithyroid antibody levels before, 3 months after, and 1 year after
allogeneic stem cell transplantation (alloHSCT). The anti-TG titer constantly rises with
the time after transplantation, whereas the level of anti-TPO antibodies remains stable.
Whiskers indicate the minimal and maximal values, boxes indicate the interquartile
range, X represents the mean value, and circles represent outliers.

Abbreviations: anti-TG, thyroglobulin antibodies; anti-TPO, thyroperoxidase antibodies

One year after alloHSCT, the antithyroid an-
tibody levels were tested only in 13 patients. In
this group, the antibody titer was high in 4 in-
dividuals (30.77%), including 2 (16.7%) with
a high concentration of anti-TG and 2 with in-
creased levels of both antibody types. The medi-
an anti-TG antibody level was 518.7 IU/ml (range,
5-4500 IU/ml), whereas for anti-TPO antibod-
ies, it was 11.59 IU/ml (range, 3-350.5 IU/ml)
(FIGURE 1).

A total of 34 patients had the antithyroid anti-
body titers measured before and after alloHSCT.
In the group of patients with a high titer of anti-
thyroid antibodies before transplantation (n =11
[32.4%])), the percentage of patients with subclin-
ical hypothyroidism after alloHSCT was signifi-
cantly higher than in the group with a low titer
of antithyroid antibodies before alloHSCT (n = 9
[82%)] vs n = 6 [26.1%]; P = 0.004). In the patients
with high antibody titers determined 3 months
after alloHSCT (n = 8), subclinical hypothyroid-
ism was significantly more common than euthy-
roidism (n = 6 [75%] vs n = 2 [25%]; P = 0.042).

Discussion Based on the previous studies, the in-
cidence of thyroid dysfunction after HSCT rang-
es between 20% and 58%.%°-¢ In our study, be-
fore the procedure, thyroid function disorders
occurred in 59 patients (33.3%), including 54
patients (31.21%) with features of subclinical
hypothyroidism. According to the literature,
subclinical hypothyroidism is the most com-
mon pathology of this gland. Some authors
state that subclinical hypothyroidism usually
occurs in the early period after transplantation,

with the peak incidence around 100 days after
alloHSCT.5° Twelve to 18 months after trans-
plantation, the incidence ranges between 12%
and 15%. However, it may also develop later.>?
In a study by Somali et al,'® subclinical hypothy-
roidism was detected in approximately 13% of pa-
tients within 18 months of alloHSCT. In a single-
-center study involving 791 patients, new cases
of thyroid disease were noted even more than 20
years after transplantation.'!

In the present study, in a selected group of par-
ticipants with thyroid function tests performed
at all time points (n = 76), subclinical hypothy-
roidism was diagnosed in 22.4% of the patients
before transplantation, 25% of the patients 3
months after alloHSCT, and 10.5% of the patients
1 year after the procedure. These results do not
differ substantially from those obtained in oth-
er reports. The decrease in the percentage of pa-
tients with subclinical hypothyroidism in the pe-
riod after transplantation, also observed in other
studies, is noteworthy.** None of the patients in-
cluded in this group had been treated with levo-
thyroxine. This suggests that the increase in TSH
levels 3 months after alloHSCT in some persons
may be associated with the response of the pitu-
itary gland to recovery from the disease. This is
indicated by an increase in the levels of other go-
nadotropins (luteinizing hormone and follicle-
stimulating hormone) simultaneously with the in-
crease in TSH in 62% of the patients with test re-
sults available 3 months after the transplantation
(data not shown). In addition, attention should
be paid to the potential impact of medications on
the test results. In patients receiving glucocorti-
coids, for instance due to graft-vs-host disease,
peripheral conversion of T4 to T3 as well as TSH
and FT3 levels may decrease, with normal FT4
levels (most of the plasma T3 pool comes from
peripheral conversion, that is, 5'-deiodination of
thyroxine) as a result of the inhibitory effect of
glucocorticosteroids on thyrotropin secretion.'?

The implementation of levothyroxine thera-
py in patients with subclinical hypothyroidism
is controversial. While most authors agree that
TSH levels above 10 mIU/1 are associated with
symptoms of overt hypothyroidism, regardless of
the FT4 and FT3 levels, and recommend starting
treatment in such cases, the opinions are divided
on whether to treat patients with subclinical hy-
pothyroidism with a TSH level of 5 to 10 mIU/1.
In the general population with subclinical hypo-
thyroidism, when deciding on the implementa-
tion of levothyroxine treatment, an individual
approach to the patient is recommended, taking
into account factors such as the presence of goi-
ter, therapeutic attempts to eliminate the possi-
ble symptoms of hypothyroidism, patient pref-
erence, presence of antithyroid antibodies, TSH
concentration above 8 mIU/] on 2 measurements,
progressive increase in TSH level, bipolar affective
disorder, depression, infertility, ovulatory disor-
ders, young age, hyperlipidemia, childhood, and
pregnancy or intention to become pregnant.'?
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Literature data on the general population indi-
cate that there is a risk of subclinical hypothyroid-
ism complications, which is reduced after treat-
ment with levothyroxine. For instance, there is
an increase in the risk of cardiovascular mortal-
ity'%; in patients with subclinical hypothyroid-
ism it may be 41% higher than in the euthyroid
control group,'® especially among people young-
er than 65 years.'® Given the fact that individu-
als referred for alloHSCT are frequently young-
er than 70 years and that the cardiovascular risk
after the procedure is considerably increased,
it should be recommended to treat the patients
with TSH levels above 5 mIU/1. That recommen-
dation is particularly justified in the group with
antithyroid antibodies present before the trans-
plantation—this factor may help identify patients
with higher risk of maintaining subclinical hypo-
thyroidism after alloHSCT.

Other possible complications of untreated
subclinical hypothyroidism include exacerba-
tion of depression or bipolar disorder, disorders
of the muscle function, neuronal conduction,
cardiac function, as well as cognitive and mental
functions.'” Moreover, one of the arguments for
the implementation of levothyroxine treatment
in the patients after alloHSCT is an increased risk
for developing papillary thyroid cancer.'®

Patients with subclinical hypothyroidism and
positive antithyroid antibody titers are at risk of
clinically overt hypothyroidism.'® In the study by
Somali et al'’ conducted in a group of 72 patients
after alloHSCT without previous thyroid diseas-
es, hypothyroidism was diagnosed in 6% of men
and 5% of women within 18 months of the trans-
plantation.'’ In the present study, no patient was
diagnosed with clinically overt hypothyroidism
in the pretransplantation period. Five patients
had been diagnosed with that entity earlier—
they had been receiving substitution treatment
and the TSH concentration in the peritransplan-
tation period was normal. After alloHSCT, clini-
cally overt hypothyroidism was detected in 1 pa-
tient. The small percentage of patients with hy-
pothyroidism is most likely related to the short
(1-year) follow-up.

Based on the current observations, in some in-
dividuals, the thyroid function normalizes with-
out treatment. In the present study, normal-
ization of the TSH level 1 year after the trans-
plantation in patients with subclinical hypothy-
roidism diagnosed before and/or 3 months af-
ter alloHSCT was observed in 20 patients, which
constitutes 26.3% of all participants, and 86%
of those with subclinical hypothyroidism diag-
nosed during the peritransplant period and 3
months after alloHSCT. It is noteworthy that
among the participants whose TSH levels nor-
malized after a year, only 1 patient had a positive
antithyroid antibody titer. On the other hand,
in the patients diagnosed with subclinical hypo-
thyroidism after 1 year, a high titer of antithy-
roid antibodies in the peritransplantation period
was detected in almost all persons in whom this

POLISH ARCHIVES OF INTERNAL MEDICINE  2023; 133 (11)

test was performed. This significantly supports
the role of checking the levels of antithyroid an-
tibodies before alloHSCT and starting treatment
with levothyroxine in the individuals with posi-
tive antibody titers.

Conclusions Antibodies seem to be a valuable
marker that can help distinguish patients with
subclinical hypothyroidism from those with high
TSH levels due to a chronic disease. This differ-
entiation seems to play an important role. In
the majority of patients with increased TSH lev-
els before alloHSCT, the concentration of this hor-
mone returned to normal 1 year after the proce-
dure. However, some patients (especially those
with positive antibody titers before alloHSCT)
maintained subclinical hypothyroidism for 1 year
after the transplantation, which may contrib-
ute to an increased risk of cardiovascular diseas-
es and other complications. These observations
highlight the importance of checking the levels
of antithyroid antibodies during patient qualifica-
tion for alloHSCT, because the results could drive
the treatment of subclinical hypothyroidism.
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