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Abstract

Purpose Primary hypothyroidism is a main endocrine complication after allogeneic stem cells transplantation (allo-SCT)
in children, but in adults data on post-SCT hypothyroidism are limited. The aims of this observational, cross-sectional study
were to assess the prevalence of hypothyroidism in adult allo-SCT recipients according to time from transplantation, and
to identify risk factors.

Methods One hundred and eighty-six patients (M 104; F 82; median age 53.4 years) who underwent allo-SCT between
January 2010 and December 2017 were enrolled and divided into three groups, according to time from allo-SCT (1-3 years;
3-5 years; > 5 years). Pre-transplant TSH and fT4 levels were available for all patients. After transplantation, TSH, fT4 and
anti-thyroperoxidase antibodies (TPO-Ab) were evaluated.

Results After a follow-up of 3.7 years, 34 (18.3%) patients developed hypothyroidism, with higher prevalence in females
(p<0.001) and in patients who received matched unrelated donor grafts (p <0.05). No difference in prevalence was found
at different time points. Patients who developed hypothyroidism showed higher rate of TPO-Ab positivity (p <0.05) and
higher pre-transplant TSH levels (median 2.34 pU/ml) compared to those with preserved thyroid function (median 1.53 pU/
ml; p <0.001). Multivariable analysis identified higher pre-transplant TSH levels as a positive predictor of hypothyroidism
(» <0.005). The ROC curve analysis identified a pre-SCT TSH cutoff of 1.84 uU/ml, which can predict hypothyroidism with
sensitivity 74.1% and specificity 67.2%.

Conclusions About one out of four patients developed hypothyroidism after allo-SCT, with a greater incidence in females.
Pre-transplant TSH levels seem to predict the onset of post-SCT hypothyroidism.
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Introduction conditioning regimens and in post-transplant supportive

care, along with the availability of alternative graft sources,
Allogeneic stem cell transplantation (allo-SCT) represents  decreased the morbidity/mortality of allo-SCT, resulting in
a potentially curative treatment for a variety of hema-  more than half a million allo-SCT survivors worldwide [1]
tologic diseases. Over the past two decades, advances in
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and in a growing interest in the long-term complication of
allo-SCT [2-4].

Endocrine dysfunction is one of the main complications
of allogeneic hematopoietic SCT, specifically, diabetes, dys-
lipidemia, hypogonadism, and thyroid dysfunction [5—-13].

Involvement of the thyroid gland can present as early- or
late-onset dysregulation. The international blood and mar-
row transplant recommendations [14] suggest testing thyroid
function yearly after allo-SCT, even in the absence of sug-
gestive symptoms. This guidance mainly relies on data from
childhood cancer survivors [8]. Nonetheless, data on the
incidence and risk factors of thyroid dysfunction following
allo-SCT in adults are still limited. The risk of hypothyroid-
ism in adult allo-SCT recipients reported in available studies
is highly variable, due to inhomogeneity in composition and
duration of follow-up among the considered cohorts [10, 12,
13, 15-17]. Predictive factors of hypothyroidism following
allo-SCT in the adult population include advanced age, mul-
tiple allo-SCTs, chronic graft versus host disease (GVHD),
prolonged immunosuppressive therapy for GVHD, and high-
dose total body irradiation (TBI) [10, 12, 13, 15, 18].

The present study aims to determine the prevalence
of thyroid dysfunction in adult allo-SCT recipients with
respect to time from transplantation and, additionally, to
identify potential risk factors for developing post-SCT
hypothyroidism.

Materials and methods

An observational, cross-sectional, single-center study was
conducted. The study protocol was approved by the Ethical
Committee of our Institution (protocol number 00179/2020)
and a written informed consent was obtained from enrolled
patients. Adult patients who underwent allo-SCT between
1st January 2010 and 31st December 2017 at the Stem Cell
Transplant Center of the “Citta della Salute e della Scienza
Hospital” of Turin were consecutively recruited from 1st
January 2018 until 30th June 2019, after at least 1 year of
regular follow-up.

Inclusion criteria were: (a) allo-SCT performed for
hematological diseases; (b) age at allo-SCT > 18 years; (¢)
at least 1 year of regular follow-up after allo-SCT. Patients
who underwent two or more allo-SCT, those with recurrent
disease after allo-SCT, or those with thyroid dysfunction
diagnosed prior to allo-SCT were excluded from the study.

Patients were divided into three subgroups according to
time elapsed since allo-SCT (group 1: 1-3 years; group 2:
3-5 years; group 3:> 5 years).

Data on TSH and {T, levels before allo-SCT were availa-
ble for all patients as a part of routine pre-transplant workup.
At the time of the study, blood samples measuring levels of
TSH, T4, and anti-thyroperoxidase antibodies (TPO-Ab)
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were collected. At that time, clinical data on hematological
disease, medical treatments, as well as on thyroid dysfunc-
tion and other complications occurred after allo-SCT (e.g.
acute/chronic GVHD) [19], were also collected from the
original medical records.

For subgroup analysis, patients with hypothyroidism
diagnosed after the SCT, but prior to the study were assigned
to the appropriate subgroup, depending on time elapsed
between allo-SCT and the study.

Patients who had discontinued systemic immunosuppres-
sive therapy for less than 6 months were considered as being
on “active therapy”.

Laboratory measurements were carried out at our hospi-
tal laboratory by electrochemiluminescence immunoassay
(ECLIA) system with sandwich technique for TSH and with
competitive technique for fT, and TPO-Ab.

Overt primary hypothyroidism was defined as increased
serum TSH and reduced serum fT, levels (>4.2 nU/ml
and < 9.3 pg/ml, respectively, according to reference ranges
provided from our laboratory), while subclinical hypothy-
roidism was defined as increased TSH despite fT, serum
levels within normal range.

Statistical analysis

Data are expressed as median and interquartile ranges or
absolute numbers and percentages. Distributions of con-
tinuous variables were analyzed using the Shapiro—Wilk
test. Data were evaluated by Chi square test, parametric
(Student;s ¢ test for independent or paired samples, ANOVA)
or non-parametric (Mann—Whitney, Wilcoxon signed-rank,
Kruskal-Wallis) tests, as appropriate. The receiver operat-
ing curves (ROC) analysis were used to assess the predic-
tivity for hypothyroidism of pre-SCT TSH levels (Fig. 2).
Correlation analysis calculating Spearman coefficient was
performed to assess the strength of the association between
demographic and clinical variables and hypothyroidism.
The factors that were significantly associated with hypothy-
roidism at the univariate analysis were included in multiple
regression. Statistical significance was assumed at p <0.05.
All analyses were performed using MedCalc™ for Win-
dows, version 18.11.3.

Results

Among the initial cohort of 462 patients, 186 (104 males
and 82 females) met the inclusion criteria and agreed to
participate in the study. The selection process is described
in Fig. 1.

Enrolled patients had a median age of 49.3 (range
40.1-58.3) years at the time of allo-SCT and 53.4 (range
44.4-62.4) years at the time of the study (Table 1). Almost
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Fig. 1 Flowchart of screening and enrollment process

all patients (97.3%) were transplanted for hematologi-
cal malignancies, mainly acute myeloid (n=84; 45.2%)
or lymphoid (n=30; 16.1%) leukemia or non-Hodgkin
lymphoma (n=25; 13.4%), whereas five (2.7%) received
allo-SCT for severe aplastic anemia (SAA). Prior to allo-
SCT, all subjects underwent chemotherapy with high-dose
alkylating agents and nine of them (4.8%) were also treated
with radiotherapy to the neck. Myeloablative conditioning
(MAC) was performed in 160 subjects (86%) using either
busulfan (70.4%) or high-dose TBI (14.5%) (Table 1).

Post-transplant immunosuppressive regimen consisted
of calcineurin inhibitors (CNIs) and methotrexate in all
but four (treated with CNIs and mycophenolate mofetil,
MMF) patients with a sibling donor, post-transplant
cyclophosphamide (PTCY) followed by CNIs and MMF
in all patients with a haploidentical donor and with anti-
thymocyte globulin (ATG), CNIs and MTX in 94/99
patients receiving allo-SCT from matched unrelated
donors (MUD), of which 5 of them received CNIs and
MMF instead.

Acute and chronic GVHD were diagnosed in 81 (43.5%)
and 113 (60.8%) patients, respectively. In 90 cases (48.4%),
chronic GVHD was moderate or severe and 68 patients
(36.6%) were on active treatment for GVHD at the time
of evaluation (Table 1). First-line treatment of GVHD
was according to guidelines [20]; for refractory diseases

ruxolitinib was used in ten patients, ibrutinib and imatinib
in eight patients each and rituximab in five.

After a median follow-up of 44 months (range
8-113 months) from allo-SCT, 34 (18.3%) patients showed
hypothyroidism which was subclinical in 24 (12.9%) and
overt in 10 (5.4%) of them.

No difference was found between patients evaluated at the
three different time points (prevalence: 23.3% at 1-3 years
from SCT; 16.3% at 3-5 years from SCT; 14% at>5 years
from SCT; P=0.318) (Table 2). No patients developed
hyperthyroidism after allo-SCT.

TPO-Ab were detected in 4 out of 10 (40.0%) patients
with overt hypothyroidism, in 5 out of 23 (21.7%) patients
with subclinical hypothyroidism and in 14 out of 122
(11.5%) patients without thyroid abnormalities following
allo-SCT (p < 0.05). The prevalence of hypothyroidism was
higher in patients showing TPO-AD positivity at the time of
the study (p <0.05) (Table 1). Moreover, the prevalence of
hypothyroidism was higher in females (p < 0.05) (Table 3)
and in patients transplanted from MUD (25.3%) compared
to those who received HLA-haploidentical (11.1%) or HLA-
identical sibling donors (10%) (p <0.05) (Table 1).

Considering the entire population, no difference was
found in hypothyroidism prevalence between patients
who received TBI (19.1%) and those who did not (18.1%;
p=0.936). However, restricting the analysis to patients
belonging to subgroup 3, the prevalence of hypothyroid-
ism was significantly higher in patients who underwent TBI
(40%) than in those who did not (6.1%; p <0.005). Patients
who had received cervical RT showed a higher prevalence
of hypothyroidism, even in the absence of statistical signifi-
cance. There was no difference in post-SCT hypothyroid-
ism prevalence in patients receiving busulfan, in patients
on active immunosuppressive therapy, in patients who had
received a previous auto-SCT or in those receiving myeloa-
blative conditioning regimen than reduced-intensity condi-
tioning regimen (Table 1). Prior to allo-SCT, patients who
developed hypothyroidism showed significantly higher TSH
levels (median 2.34 uU/ml; range 1.79-2.66) than those who
retained normal thyroid function (median 1.53 uU/ml; range
1.07-2.03; p<0.001) (Table 1). Moreover, among patients
who did not develop hypothyroidism, TSH levels were sig-
nificantly lower before than after allo-SCT (median pre-SCT
TSH 2.34 pU/ml; range 1.07-2.03; median post-SCT TSH
2.02 pU/ml; range 1.4-2.7; p <0.0001), whereas no signifi-
cant difference was found between fT4 levels before (median
11 pg/ml; range 9.9-12.2) and after allo-SCT (median
11.4 pg/ml; range 10-12.6; p=0.131).

The ROC curve analysis identified a TSH value of 1.84
uU/ml, above which it is possible to predict the onset of
post-SCT hypothyroidism with a sensitivity of 74.1% and
specificity of 67.2% (AUC 0.735; p <0.0001) (Fig. 2).
In detail, at the workup evaluation, 59 (31.7%) patients
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Table 1 Clinical and hormonal features according to thyroid function

Population (n=186) Euthyroidism (n=152) Hypothyroidism (n=34) p value
Median age
At evaluation (years) 53.4 (444 -62.4) 53.4 (44.8 -62.4) 53.1(41.7-61.9) 0.46
At allo-SCT (years) 49.3 (40.1 - 58.3) 49.3 (40.4 - 58) 49.8 (37.9-59.7) 0.70
Gender
Male 104 (55.9%) 92 (86.5%) 12 (11.5%) 0.01
Female 82 (44.4%) 60 (73.2%) 22 (26.8%)
Underlying disease
Myeloid disorders 115 (61.8%) 95 (82.6%) 20 (17.4%) 0.5
Lymphoid disorders 66 (35.5%) 54 (81.8%) 12 (18.2%)
SAA 52.7%) 3 (60%) 2 (40%)
Previous auto-SCT 38 (20.4%) 31 (81.6%) 7 (18.4%) 0.8
Donor source
HLA-identical sibling donor 60 (32.3%) 54 (90%) 6 (10%) 0.03
HLA-haploidentical donor 27 (14.5%) 24 (88.9%) 3(11.1%)
Matched unrelated donor 99 (53.2%) 74 (74.8%) 25 (25.2%)
Stem cells source
PBSC 154 (82.8%) 128 (83.1%) 26 (16.9%) 0.41
BM 32 (17.2%) 24 (75%) 8 (25%)
Cervical RT
Yes 9 (4.8%) 6 (66.7%) 3(33.3%) 0.45
No 177 (95.2%) 146 (82.5%) 31 (17.5%)
Conditioning
MAC 160 (86%) 130 (81.3%) 30 (18.7%) 0.89
RIC 26 (14%) 22 (84.6%) 4 (15.4%)
TBI
No TBI 144 (77.4%) 118 (81.9%) 26 (18.1%) 0.77
Low-dose TBI (200 cGy) 15 (8.1%) 13 (86.7%) 2 (13.3%)
High-dose TBI (12 Gy) 27 (14.5%) 21 (77.8%) 6 (22.2%)
Busulfan 131 (70.4%) 108 (82.4%) 23 (17.6%) 0.85
Acute GVHD 81 (43.5%) 62 (76.5%) 19 (23.5%) 0.16
Chronic GvHD
No cGvHD 73 (39.2%) 62 (84.9%) 11 (15.1%) 0.25
Mild cGvHD 23 (12.4%) 16 (69.6%) 7 (30.4%)
Moderate-severe cGVHD 90 (48.4%) 74 (82.2%) 16 (17.8%)
Active therapy for cGVHD 68 (36.6%) 56 (82.4%) 12 (17.6%) 0.98
TSH pre-allo-SCT (uU/ml) 1.63 (1.15-2.25) 1.53 (1.07-2.03) 2.34 (1.79-2.66) <0.001
fT4 pre-allo-SCT (pg/ml) 11 (9.9-12.05) 11.1 (9.98-12.10) 10.4 (9.23-11.78) 0.27
ADTPO positivity 23 (14.8%) 14 (60.9%) 9 (39.1%) 0.04

Data expressed as “median (interquartile range)” or “absolute number (percentage)”

p-values < 0.05 are italicised

Allo-SCT allogeneic stem cell transplantation, 7SH thyroid-stimulating hormone, /7, free tetra-iodothyroxine, AbTPO anti-thyroperoxidase anti-
bodies, auto-SCT autologous stem cell transplantation, SAA severe aplastic anemia, PBSC peripheral blood stem cells, BM bone marrow, MAC
myeloablative conditioning, RIC reduced-intensity conditioning, RT radiotherapy, TBI total body irradiation, GvHD graft versus host disease, n

number

showed TSH > 1.84 pU/ml. Thirteen of them (22%) devel-
oped subclinical hypothyroidism, while 7 (11.9%) devel-
oped overt hypothyroidism. The prevalence of post-SCT
hypothyroidism was 33.9% in patients with TSH > 1.84
pU/ml and 11% in patients with TSH < 1.84 pU/ml at
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the workup evaluation (p <0.001). No differences were
detected in gender, age at transplantation, previous auto-
SCT, donor type, previous cervical RT, TBI and GVHD
between patients with pre-SCT TSH levels above or below
1.84 uU/ml (Table 4).
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Table 2 Clinical and hormonal features of the whole population and subgroups based on the time since transplantation

Population (n=186) 1-3 years (n=73) 3-5 years (n=49) > 5 years (n=64) p value
Median follow-up time (years) 3.7 (1.8-5.9) 1.5 (1.2-2.1) 3.9(3.24.4) 6.5 (5.8-7.5)
Thyroid function
Euthyroidism 152 (81.7%) 56 (76.7%) 41 (83.7%) 55 (86%) 0.32
Subclinical hypothyroidism 24 (12.9%) 10 (13.7%) 7 (14.3%) 7 (10.9%)
Overt hypothyroidism 10 (5.4%) 7(9.6%) 1 (2%) 2 (3.1%)
Median age
At evaluation (years) 53.4 (44.4-62.4) 53.7 (45.8-62.1) 53.4 (42.5-61.6) 53.2 (44.8-64.5) 0.83
At allo-SCT (years) 49.3 (40.1-58.3) 51.5 (43.4-59.7) 49.1 (38.7-57.5) 46.8 (38.7-57.4) 0.11
Gender
Male 104 (55.9%) 44 (60.3%) 27 (55.1%) 33 (51.6%) 0.59
Female 82 (44.1%) 29 (39.7%) 22 (44.9%) 31 (48.4%)
Underlying disease
Myeloid 115 (61.8%) 49 (67.1%) 32 (65.3%) 34 (53.1%) 0.41
Lymphoid 66 (35.5%) 23 (31.5%) 16 (32.7%) 27 (42.2%)
SAA 5(2.7%) 1(1.4%) 1 (2%) 3 (4.7%)
Previous auto-SCT 38 (20.4%) 8 (11%) 10 (20.4%) 20 (31.3%) 0.01
Donor source
MRD 87 (46.8%) 24 (32.9%) 29 (59.2%) 34 (53.1%) 0.01
MUD 99 (53.2%) 49 (67.1%) 20 (40.8%) 30 (46.9%)
Stem cell source
PBSC 154 (82.8%) 65 (89%) 37 (75.5%) 52 (81.3%) 0.14
BM 32 (17.2%) 8 (11%) 12 (24.5%) 12 (18.7%)
Cervical RT 9 (4.8%) 0 (0%) 2 (4.1%) 7 (10.9%) 0.01
Conditioning
MAC 160 (86%) 59 (80.8%) 44 (89.8%) 57 (89.1%) 0.26
RIC 26 (14%) 14 (19.2%) 5 (10.2%) 7 (10.9%)
TBI
No TBI 144 (77.4%) 53 (72.6%) 42 (85.7%) 49 (76.6%) 0.23
Low-dose TBI (200 cGy) 15 (8.1%) 9 (12.3%) 3(6.1%) 3 (4.7%)
High-dose TBI (12 Gy) 27 (14.5%) 11 (15.1%) 4(8.2%) 12 (18.7%)
Busulfan 131 (70.4%) 53 (72.6%) 37 (75.5%) 41 (64.1%) 0.36
Acute GVHD 81 (43.5%) 39 (53.4%) 18 (36.7%) 24 (37.5%) 0.09
Chronic GVHD
No cGvHD 73 (39.2%) 25 (34.3%) 22 (44.9%) 26 (40.6%) 0.50
Mild cGvHD 23 (12.4%) 9 (12.3%) 8 (16.3%) 6 (9.4%)
Moderate-severe cGvHD 90 (48.4%) 39 (53.4%) 19 (38.8%) 32 (50%)
Active therapy for cGvHD 68 (36.6%) 45 (61.6%) 8 (16.3%) 15 (23.4%) <0.001
TSH pre-allo-SCT (uU/ml) 1.63 (1.15-2.25) 1.72 (1.09-2.42) 1.58 (1.17-2.12) 1.54 (1.12-1.99) 0.66
fT4 pre-allo-SCT (pg/ml) 11 (9.9-12.05) 11.25 (9.95-12.35) 11.1 (10-11.95) 10.4 (9.63-11.95) 0.42
ADTPO positivity 23 (14.8%) 7(9.6%) 8 (16.3%) 8 (12.5%) 0.19

Data expressed as “median (interquartile range)” or “absolute number (percentage)”

p value refers to differences between groups: “1-3 years”, “3-5 years” and “>5 years”

p-values < 0.05 are italicised

Allo-SCT allogeneic stem cell transplantation, 7SH thyroid-stimulating hormone, /T, free tetra-iodothyroxine, AbTPO anti-thyroperoxidase anti-
bodies, auto-SCT autologous stem cell transplantation, SAA severe aplastic anemia, MRD matched related donor, MUD matched unrelated donor,
PBSC peripheral blood stem cells, BM bone marrow, MAC myeloablative conditioning, RIC reduced-intensity conditioning, RT radiotherapy,
TBI total body irradiation, GvHD graft versus host disease, n number
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Table 3 Clinical and hormonal features according to gender

Females (n=282) Males (n=104) p value
Thyroid function
Euthyroidism 60 (73.1%) 92 (88.5%) 0.01
Subclinical Hypothy- 14 (17.1%) 10 (9.6%)
roidism
Overt hypothyroidism 8 (9.8%) 2 (1.9%)
Median age

At evaluation (years)
At allo-SCT (years)

53.2 (44.3-62)
49.9 (40.3-58.3)

53.6 (44.4-62.4)  0.76
49.2 (40.1-58.2)  0.80

Underlying disease
Myeloid disorders 57 (69.5%) 58 (55.8%) 0.16
Lymphoid disorders 23 (28.1%) 43 (41.3%)
SAA 2 (2.4%) 3(2.9%)
Previous auto-SCT 15 (18.3%) 23 (22.1%) 0.65
Donor source
MRD 38 (46.3%) 49 (47.1%) 0.97
MUD 44 (53.7%) 55 (52.9%)
Stem cell source
PBSC 65 (79.3%) 89 (85.6%) 0.35
BM 17 (20.7%) 15 (14.4%)
Cervical RT
Yes 4 (4.9%) 5 (4.8%) 0.75
No 78 (95.1%) 99 (95.2%)
Conditioning
MAC 74 (90.2%) 86 (82.7%) 0.21
RIC 8(9.8%) 18 (17.3%)
TBI
No TBI 65 (79.3%) 79 (76%) 0.87
Low-dose TBI 6 (7.3%) 9 (8.7%)
(200 cGy)
High-dose TBI (12 Gy) 11 (13.4%) 16 (15.3%)
Busulfan 61 (74.4%) 70 (67.3%) 0.37
Acute GYHD 37 (45.1%) 44 (42.3%) 0.81
Chronic GvHD
No ¢cGvHD 40 (48.8%) 33 (31.7%) 0.05
Mild cGvHD 10 (12.2%) 13 (12.5%)

Moderate-severe cGVHD 32 (39%)
Active therapy for cGVHD 25 (30.5%)
TSH pre-allo-SCT (uU/ 1.67 (1.15-2.34)

58 (55.8%)
43 (41.4%) 0.17
1.59 (1.1-2.13) 0.48

ml)
fT4 pre-allo-SCT (pg/ml)  10.9 (9.5-11.8) 11.3(10.1-12.6)  0.10
AbTPO positivity 12 (14.6%) 11 (10.6%) 0.36

Data expressed as “median (interquartile range)” or “absolute number
(percentage)”

p-values < 0.05 are italicised

Allo-SCT allogeneic stem cell transplantation, 7SH thyroid-stimulat-
ing hormone, fT, free tetra-iodothyroxine, AbTPO anti-thyroperoxi-
dase antibodies, auto-SCT autologous stem cell transplantation, SAA
severe aplastic anemia, MRD matched related donor, MUD matched
unrelated donor, PBSC peripheral blood stem cells, BM bone marrow,
MAC myeloablative conditioning, RIC reduced-intensity condition-
ing, RT radiotherapy, TBI total body irradiation, GvHD graft versus
host disease, n number
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Fig.2 Receiving operator curve (ROC) analysis for pre-transplant
TSH level predictivity of hypothyroidism

Multiple regression analyses identified male gender (OR
0.341; CI95% 0.132 — 0.880; p < 0.05) as a negative predic-
tor of hypothyroidism and pre-SCT TSH levels (OR 2.249;
CI95% 1.343-3.767; p <0.005) as a positive one (Table 5).

Discussion

In our cohort of 186 adult patients who underwent allo-SCT,
24 (12.9%) developed subclinical hypothyroidism, while 10
(5.4%) developed overt hypothyroidism, reaching an overall
prevalence of 18.3%. Our results are in line with previous
studies, reporting a frequency of hypothyroidism in adult
SCT recipients ranging between 9.0 and 23.0% [9, 12, 15,
21]. In 2009, Savani et al. [13] reported a post-SCT hypothy-
roidism incidence of 37%, probably due to the longer dura-
tion of follow-up (median 84 months; range 25-166 months)
and the presence of both children and adults within the
cohort. Moreover, in that study, the great majority of patients
(90%) received TBI (which was delivered only to the 22.6%
of our patients). Finally, there is a different distribution of
underlying diseases (about 60% of patients of their cohort
were affected by chronic myelogenous leukemia). More
recently, Farhadfar et al. [10], in a retrospective longitudinal
study on 259 adult allo-SCT recipients, found a 5-year cumu-
lative incidence of hypothyroidism of about 30%. Again, the
follow-up (median 55 months; range 28—185 months) was
longer than in our study and, also in this case, a larger num-
ber of patients underwent TBI (58.3%), at full doses in the
majority of subjects. Furthermore, most patients were diag-
nosed with subclinical hypothyroidism, while the prevalence
of overt hypothyroidism (3.1%) was similar to that found
in our cohort. The prevalence of post-SCT hypothyroidism
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Table 4 Clinical features of

8 . TSH<1.84 pU/ml (n=127) TSH>1.84 uU/ml (n=59) p value
patients with pre-transplant
TSH levels below and above Thyroid function
1.84 pU/ml -
Euthyroidism 113 (88.9%) 39 (66.1%) <0.001
Subclinical hypothyroidism 11 (8.7%) 13 (22%)
Overt hypothyroidism 3(2.4%) 7 (11.9%)
Median age at the allo-SCT (years) 50.3 (40.7-58.4) 48.6 (39.8-57.8) 0.57
Gender
Male 73 (57.5%) 31 (52.5%) 0.64
Female 54 (42.5%) 28 (47.5%)
Underlying disease
Myeloid 78 (61.4%) 37 (62.7%) 0.30
Lymphoid 44 (34.7%) 22 (37.3%)
SAA 5(3.9%) 0 (0%)
Previous auto-SCT 26 (20.5%) 12 (20.3%) 0.86
Donor source
MRD 58 (45.7%) 29 (49.2%) 0.78
MUD 69 (54.3%) 30 (50.8%)
Cervical RT 6 (4.7%) 3(5.1%) 0.79
TBI 30 (23.6%) 12 (20.3%) 0.76
Acute GVHD 51 (40.2%) 30 (50.9%) 0.23
Chronic GVHD 78 (61.4%) 35 (59.3%) 0.91

Data expressed as “median (interquartile range)” or “absolute number (percentage)”

p value refers to differences between patients with pre-transplant TSH <and > 1.84 pU/ml

p -values < 0.05 are italicised

Allo-SCT allogeneic stem cell transplantation, 7SH thyroid-stimulating hormone, auto-SCT autologous
stem cell transplantation, SAA severe aplastic anemia, MRD matched related donor, MUD matched unre-
lated donor, RT radiotherapy, TBI total body irradiation, GvHD graft versus host disease, n number

Table 5 Multiple regression analysis

Risk of hypothyroidism P =0.0002 p

B Odd ratio CI95%
TSH pre-allo-SCT 0.816 2.249 1.343-3.767 0.002
Male gender - 1.076 0.341 0.132-0.880 0.026

Dependent variable: hypothyroidism. Independent variables: TSH
pre-allo-SCT, male gender, AbTPO positivity, donor source (MRD-
MUD)

p-values < 0.05 are italicised

Allo-SCT allogeneic stem cell transplantation, 7SH thyroid-stimulat-
ing hormone, AbTPO anti-thyroperoxidase antibodies, MRD matched
related donor, MUD matched unrelated donor

in our cohort was similar to that found in 2020 by Atilla
et al. in a cohort of 259 patients who underwent allo-SCT
between 2006 and 2016 (22%) [22]. Post-SCT hypothyroid-
ism was finally found in 23% by Medinger et al. in 2017, but
the cohort study was composed of acute myeloid leukemia
survivors only [12].

Female patients had a higher risk of post-allo-SCT
hypothyroidism. This is not surprising considering the

gender difference in thyroid disorder within the gen-
eral population [23]. However, the female:male ratio
(about 3:1) is lower than those in the general population
(roughly 10:1) [24], suggesting a causative role of allo-
SCT even more remarkable than gender in the onset of
hypothyroidism.

Patients who developed post-SCT hypothyroidism
showed a higher percentage of TPO-Ab positivity, suggest-
ing a possible pathophysiological role of autoimmunity in
post-STC hypothyroidism. Even if the correlation between
hypothyroidism and TPO-Ab was not confirmed at the mul-
tivariate analysis, this finding does not exclude the possible
role of autoimmunity. It has been demonstrated a possible
transfer of abnormal B- and T-lymphocyte from the donor
to the SCT-recipient [25]. Moreover, it is also important to
note that a minority of patients may develop autoimmune
thyroiditis without evidence of TPO-Ab assessment [23],
while in the general Italian population the prevalence of thy-
roid antibodies positivity without thyroid dysfunction can
reach 5% [26]. Unfortunately, in our cohort, TPO-Ab were
not measured at the baseline and in donors, hampering the
possibility to explore a causal relationship between allo-SCT
and the development of thyroid autoimmunity.
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In patients with post-allo-SCT hypothyroidism, we also
observed a higher percentage of transplants from MUD than
from haploidentical or sibling donors. In our center, patients
treated with allo-SCT from haploidentical donor received
PTCY as GVHD prophylaxis, whereas those transplanted
from MUD received ATG. Given the dysimmune origin
of hypothyroidism, we might speculate a role of ATG in
long-term immune control in the setting of HLA disparity.
PTCY could give an advantage in immune reconstitution, as
suggested by recent reports comparing PTCY vs ATG [27];
however, these results need to be confirmed.

Several studies reported the detrimental effect of ionizing
radiation on thyroid function, mediated by direct damage to
thyroid follicles, their supporting stroma and to endothe-
lial vascular cells [28]. In our study, considering the whole
cohort, the exposure to TBI seems not to impact on thy-
roid function. Nevertheless, considering only patients with
more than 5 years of follow-up after allo-SCT (subgroup 3)
hypothyroidism is more frequent in patients who underwent
TBI-based conditioning regimen. Despite the small num-
ber of patients with hypothyroidism in the subgroup 3, this
result likely reflects the relatively long time required for the
development of radiation-induced hypothyroidism [29]. We
also did not find significant association between cervical
RT and post-SCT hypothyroidism, but this result reflects
the very low number of subjects who received this treat-
ment. Patients developing hypothyroidism after allo-SCT
showed significantly higher pre-transplant TSH levels than
patients with preserved thyroid function. Moreover, the ROC
curve analysis showed that pre-transplant TSH levels > 1.84
pU/ml may be predictive of hypothyroidism after allo-SCT,
with moderate sensitivity (74.1%) and specificity (67.2%).
Beyond the exact cutoff found in our population and from a
clinical perspective, patients showing higher pre-transplant
levels of TSH, but still within the normal range, may have
a reduced thyroid functional reserve, resulting in a higher
risk of developing hypothyroidism after transplantation and
suggesting the usefulness of a closer monitoring of thyroid
function after allo-SCT in these subjects. The impact of allo-
SCT on thyroid function is also suggested by the higher,
even if normal, TSH levels observed in patients who did
not developed hypothyroidism when compared with their
pre-SCT TSH levels. This observation agrees with the phe-
nomenon described by Somali et al. who documented an
abnormal TSH response after thyroid stimulation in about
40% of transplanted patients [9], indicating a compensated
impairment of thyroid function.

Our study has some limitations due to its cross-sectional
nature that hampers the possibility to exactly define the
time when hypothyroidism occurred. Moreover, the rela-
tively short duration of follow-up after allo-SCT likely led
to underestimation of total cases of post-transplant hypo-
thyroidism. Finally, it should be noted that one third of our

@ Springer

patients were taking immunosuppressive therapy at the time
of the study, with possible influence on thyroid function
(especially when corticosteroids are administered).

In conclusion, the current study substantiates prior data
and highlights hypothyroidism as a major complication
of allogeneic stem cell transplantation, with an estimated
prevalence of 18%, which seems not to vary with time after
allo-SCT. Moreover, our data seem to indicate female gen-
der and higher pre-SCT TSH levels as potential risk fac-
tors. Therefore, pre-transplant TSH levels may be a useful
biomarker to identify patients who are at risk of develop-
ing post-allo-SCT hypothyroidism. Additional multicenter
prospective trials are necessary to confirm these data and
recommend practice changing guideline.
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