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Benign thyroid nodules respond
to a single administration of
0.3mg recombinant human
thyrotropin with highly variable
volume increase

Panagiotis Bountouris, Georgios K. Markantes, Irene Mamali ,
Kostas B. Markou and Marina A. Michalaki*

Division of Endocrinology, Department of Internal Medicine, School of Health Sciences, University
of Patras, Patras, Greece
Introduction: The nature of thyroid nodules is heterogenous. Most of them are

benign and, in the absence of pressure symptoms of adjunct structures, no

treatment is needed. Our objective was to investigate the acute effects of a

low dose of recombinant human TSH (rhTSH) on the volume of benign

thyroid nodules.

Methods: we studied 27 nodules (14 isoechoic and 13 hypoechoic) in 15 (11

women and 4 men; mean age: 51.0 ± 15.9 years) consecutive patients with one

to three well-separated asymptomatic benign thyroid nodules. All subjects

were euthyroid, with negative thyroid antibodies, and none received

levothyroxine. The total thyroid volume and thyroid nodule volume were

sonographically determined by two independent examiners (P.B. and M.M.)

before, 48 hours and 6months post intramuscular (IM) administration of 0.3mg

rhTSH, and the mean values of the two examiners’ measurements were used;

thyroid function tests were obtained at the same time points.

Results: The mean volume of isoechoic nodules increased by 57.3%, of

hypoechoic nodules by 46.6% and of the surrounding thyroid parenchyma by

70.4% 48 hours post-rhTSH; mean volumes had returned to baseline levels 6

months later. A large variance in the volume change responses was observed. The

relative change in nodule volume (defined as the percent change in nodule volume

divided by the percent change in the surrounding parenchyma) from baseline to

48 hours was significantly higher in isoechoic versus hypoechoic nodules (p<0.05).

Conclusions: A single dose of 0.3 mg rhTSH transiently increased the volume

of benign thyroid nodules. The increase was more pronounced in isoechoic

nodules and had a great variability. Our findings could be useful in the

management of benign thyroid nodules, by helping in understanding which

nodules would be more responsive to TSH suppression therapy.

KEYWORDS
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Introduction

Thyroid nodular disease is common in adults, especially in

women and the elderly (1). The wider use of thyroid ultrasound

as a screening tool has led to increasing rates of thyroid nodule

detection, reaching up to 76% of the adult population (2).

Thyroid nodules are discrete lesions within the thyroid

parenchyma and may be solitary or multiple. More than 90%

of thyroid nodules are asymptomatic benign lesions (3, 4). Over

time, the size of benign thyroid nodules might increase, decrease,

or remain stable, whereas malignant transformation is extremely

rare (4).

From a histological perspective, benign thyroid nodules

constitute a heterogenous group of lesions, including

hyperplastic nodules in multinodular goiters, follicular or

Hurthle cell adenomas, nodules in Hashimoto’s or Graves’

disease, colloid nodules, and cysts (colloid, simple, or

hemorrhagic) (5, 6). Still, the management of all benign

nodules is the same. Levothyroxine (LT4) suppressive therapy

was popular in the past but is not recommended in iodine

sufficient populations any more due to its uncertain efficacy to

reduce the size of thyroid nodules, and to the concerns regarding

the adverse effects of iatrogenic hyperthyroidism (7). The

rationale for thyrotrophin (TSH) suppression therapy

originates from the knowledge that TSH exerts mitogenic

effects on follicular thyroid cells via binding to its receptor

(TSHR) (8). Nonetheless, clinical evidence regarding the

response of benign thyroid nodules to TSH is lacking.

Recombinant human thyroid-stimulating hormone (rhTSH)

became available in the early 1990’s after its purification (9)

and, nowadays, it is routinely used in the management of

patients with differentiated thyroid cancer (7). Also, it has

been evaluated (off-label) as adjuvant to 131I treatment of

benign nodular goiter due to its ability to enhance thyroid

radioactive iodine uptake (10).

The aim of our study was to investigate the acute effect of a

low dose of rhTSH on the volume of thyroid nodules in subjects

with benign non-toxic nodular thyroid disease.
Materials and methods

Study design and participants

We studied 27 benign, non-functioning thyroid nodules.

Fifteen (11 women and 4 men; mean age: 51.0 ± 15.9 years,

range: 23-77 years old) consecutive patients with one to three

well-separated asymptomatic thyroid nodules, otherwise

healthy, were recruited between March and June 2020 from

the outpatient clinic of the Division of Endocrinology,
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University Hospital of Patras, Greece. Five of the 11 studied

women were postmenopausal. None of the participants had ever

received LT4 suppressive therapy for their nodules, and none

received medication interfering with thyroid function.

Screening included a complete past medical history and

physical examination, thyroid function tests (TFTs)

[thyrotropin (TSH), free thyroxine (FT4), triiodothyronine

(T3), thyroglobulin (Tg), anti-thyroid peroxidase antibodies

(Anti-TPO), anti-thyroglobulin antibodies (Anti-Tg), and

calcitonin (CT)], urinary iodine excretion (UIE) in a spot

urine sample and fine needle aspiration (FNA) biopsy of the

thyroid nodule(s). Inclusion criteria were serum TSH 0.8-4.2

mIU/mL and thyroid hormones within normal range, negative

thyroid antibodies, calcitonin <10 pg/mL and benign nodule

cytology (category II according to the Bethesda system) (6).

Exclusion criteria included known cardiovascular disease,

diabetes, or any other serious disease, as well as pregnancy.

Thyroid ultrasound was performed by two independent

examiners (P.B. and M.M.) using a 10 MHz linear array

transducer (GE Logiq V5 Expert L6-L12RS, GE Healthcare,

Chicago, IL, USA). The length (l), width (w), and depth (d) of

each nodule and each thyroid lobe were measured on transverse

and longitudinal scans, and the nodule echogenicity was assessed.

The volume of each thyroid lobe and thyroid nodule were

calculated using the modified formula of rotation ellipsoid: 0.479

× l × w × d (11); themean value of the two examiners’measurement

was used. Total thyroid volume (TV) was the sum of the volume of

the two lobes. To study the effects of rhTSH on the nodules and on

the rest of the thyroidal tissue separately, we introduced a new

variable, the surrounding parenchyma volume (SPV), defined for

each participant as the total thyroid volume minus the volume(s) of

the nodule(s) present in their thyroid gland.

After screening, eligible participants received an

intramuscular (IM) injection of 0.3mg of rhTSH (Thyrogen®).

This low dose was used to avoid adverse effects, such as excessive

thyroid gland swelling or hyperthyroidism. TFTs and thyroid

ultrasound were obtained at 48 hours and 6 months after rhTSH

administration. For one week after rhTSH administration, daily

telephone contacts with the participants were performed to

screen for adverse effects. Thyroid nodules were considered

significantly responsive to rhTSH if they showed an increase

of ≥3mm in maximal diameter and/or ≥50% in volume after the

administration of rhTSH; these cut-offs were selected because

they represent the minimum changes in size and volume that

can be reliably detected by ultrasonography (12).

All the blood samples were centrifuged after collection, and

the serum was stored aliquoted at −80°C until analysis. The

study protocol was approved by the Ethics Committee of the

University Hospital of Patras and all participants provided

written informed consent.
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Assays

Serum TSH, T3, FT4, Tg, Anti-TPO, Anti-Tg, and CT were

measured by electrochemiluminescence immunoassays -

“ECLIA” (Cobas e601, Roche Diagnostics®, Mannheim,

Germany). The samples were assayed in a single large batch.

The intra- and inter-assay precision CV (%) values were 1.1%–

3.0% and 3.2%–7.2% for TSH, 1.3%–3.1% and 3.4%–4.5% for T3,

1.1%-4.3% and 2.6%–8.4% for FT4, 2.0–4.8% and 4.0–5.9% for

Tg, 4.0%–7.7% and 5.5%–11.7% for Anti-TPO, 1.3-4.9% and

2.1-6.3% for Anti-Tg, and 1.4-1.8% and 1.9-2.3% for CT,

respectively. The values of the lower detection limits were

0.005 mIU/mL for TSH, 0.195 ng/mL for T3, 0.0388 ng/dL for

FT4, 0.04 ng/mL for Tg, 5.00 IU/mL for Anti-TPO, 10.00 IU/mL

for Anti-Tg, and 0.5 pg/mL for CT. UIE was measured using a

colorimetric assay based on the Sandell-Kolthoff reaction,

according to the method of Dunn et al. (13).
Statistical analysis

Data were analyzed using IBM SPSS Statistics for Windows,

version 27.0 (IBM Corp., Armonk, N.Y., USA). Variables were

tested for normality with the Kolmogorov-Smirnov test.

Comparisons of TFTs and thyroid/nodule volumes between the

different time points were performed using repeated measures

ANOVA with a Greenhouse-Geisser correction and with post-hoc

Bonferroni test (normally distributed variables) and using the

Friedman test with posthoc Wilcoxon signed-rank test (non-

normally distributed variables). Comparisons of the surrounding

parenchyma volume, isoechoic and hypoechoic nodules regarding

their volume change between the three time points studied were

performed with the Kruskal-Wallis or the Mann-Whitney test, as

appropriate. Correlations were estimated by Pearson or Spearman

correlation tests, as appropriate. All tests were 2-tailed and a p-

value of less than 0.05 was considered significant.
Results

We studied 27 non-functioning benign thyroid nodules in 15

patients with benign non-toxic nodular thyroid disease. Eight

patients had a single thyroid nodule, and seven (5 women and 2

men) had 2-3 nodules. Six of these patients had at least 2 nodules

of the same echotexture (Supplementary Table 1). All nodules

had a cytological diagnosis of benign follicular nodule (Bethesda

category II), obtained by FNA. Fourteen of them had isoechoic

and 13 hypoechoic sonographic appearance.

The dose of 0.3mg of rhTSH was well tolerated and no

serious adverse effects related to thyroid growth or to thyroid
Frontiers in Endocrinology 03
hyperfunction were reported by our patients within one week of

administration. Three patients reported tachycardia and fatigue

in the first 2-3 days post-rhTSH administration, but these

symptoms were mild and subsided without treatment.

The mean serum TSH, FT4, T3 and Tg were increased (by

724%, 107%, 34%, and 452%, respectively) 48 hours after the

administration of rhTSH compared to baseline, and 6 months

later were found to be similar to the baseline values (Table 1). The

median UIE of the participants in the study was 147.30 mcg/L.

At baseline, the volume of isoechoic nodules was larger than

that of hypoechoic [median (IQR): 1.10 (2.51) mL vs 0.35 (0.41)

mL, p=0.026]. The mean TV, SPV and the mean nodules volume

(either when all nodules were studied together or when isoechoic

and hypoechoic were analyzed separately) were significantly

increased 48 hours post-rhTSH and had returned to baseline

levels 6 months later (Table 1; Figure 1). The mean maximum

nodule diameter increased significantly at 48 hours and

decreased at 6 months in isoechoic nodules; in hypoechoic

nodules these differences did not reach statistical significance

(Table 1). The mean increase of SPV observed at 48 hours post-

rhTSH was 70.4% and had no statistically significant difference

from that of isoechoic nodules (57.3%), whereas it was

significantly greater from that of hypoechoic nodules (46.6%,

p=0.029). Besides, the relative change in nodule volume (defined

as the percent change in nodule volume divided by the percent

change in the SPV) from baseline to 48 hours was significantly

higher in isoechoic versus hypoechoic nodules (0.88 vs 0.31,

p<0.05, Supplementary Table 2).

Twelve of the 27 studied nodules were found to be

significantly responsive to rhTSH, meaning that their maximal

diameter increased by ≥3mm and/or their volume increased by

≥50% at 48 hours post-rhTSH. The proportions of the isoechoic

and hypoechoic nodules that responded significantly to rhTSH

were 50% (7/14) and 38.5% (5/13), respectively (p=ns). The

responsive and non-responsive nodules did not differ

s i gn ifican t l y r ega rd ing the i r ba se l ine vo lume or

maximum diameter.

When women and men were studied separately, the

observed alterations in TFTs, TV, SPV, nodules volume and

maximum nodule diameter in women were identical to those of

the whole patient cohort (Table 2; Figure 2A). In men, the

changes in TSH, T3, Tg, mean isoechoic and hypoechoic nodule

volume and mean maximum nodule diameter were not

statistically significant (Table 2; Figure 2B), possibly due to the

small number of male participants.

There was a strong correlation between the difference in

hypoechoic nodule volume and the difference in SPV

(Spearman’s rho=0.692, p=0.009 - 48 hours vs baseline,

Spearman’s rho=0.770, p=0.002 – 6 months vs 48 hours),

while isoechoic nodule volume differences were not correlated
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with SPV alterations. The differences in nodule volume

between the three time points studied were not correlated

with the respective differences in TSH, FT4, T3, or

Tg (Figure 3).
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Discussion

To our knowledge, this is the first study investigating the effects

of rhTSH on the volume of benign thyroid nodules in patients with
FIGURE 1

Changes in the volume of isoechoic and hypoechoic nodules and in the surrounding parenchyma volume 48 hours and 6 months after the
administration of human recombinant TSH, presented as % change from baseline. *p<0.05 Volume at 48 hours versus baseline (Wilcoxon
signed-rank test). p<0.05 Volume change from baseline (Mann-Whitney test).
TABLE 1 Thyroid function tests, total thyroid, surrounding parenchyma and nodules’ volumes, and maximum nodule diameter measured before
and 48 hours and 6 months after the administration of human recombinant TSH.

Baseline 48 hours 6 months

Thyroid function tests – all participants (n=15)

TSH (mIU/mL) 1.50 ± 0.64 12.36 ± 5.15** 1.22 ± 0.69##

FT4 (ng/dL) 1.19 ± 0.08 2.46 ± 0.46** 1.46 ± 0.26##

T3 (ng/mL) 1.23 ± 0.24 2.53 ± 0.53** 1.10 ± 0.14##

Tg (ng/mL) 34.9 (88.73) 192.6 (313.95)** 41.22 (101.18)#

Volume parameters

Total Thyroid Volume – TV (mL) 10.27 (6.24) 15.84 (7.90)** 9.72 (6.10)##

Surrounding Parenchyma Volume – SPV (mL) 8.83 ± 2.86 14.71 ± 5.74** 9.30 ± 3.82##

All nodules Volume (mL) (n=27) 0.49 (2.13) 1.25 (2.58)** 0.49 (1.82)#

Isoechoic nodules Volume (mL) (n=14) 1.10 (2.51) 1.63 (2.91)* 1.19 (2.06)#

Hypoechoic nodules Volume (mL) (n=13) 0.35 (0.41) 0.43 (1.03)* 0.39 (0.52)

Maximum nodule diameter (cm)

All nodules (n=27) 1.57 ± 0.67 1.70 ± 0.71* 1.52 ± 0.63#

Isoechoic nodules (n=14) 1.83 ± 0.75 1.99 ± 0.72* 1.79 ± 0.63#

Hypoechoic nodules (n=13) 1.29 ± 0.43 1.39 ± 0.56 1.23 ± 0.49

*p<0.05 versus baseline, **p<0.001 versus baseline, #p<0.05 versus 48 hours, ##p<0.001 versus 48 hours.
Values are presented as mean ± SD (normally distributed data) or as median (IQR) (non-normally distributed data).
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non-toxic nodular thyroid disease.We examined otherwise healthy,

middle-aged patients living in an iodine sufficient area. We found

that the volume of the nodules and the surrounding thyroid

parenchyma were significantly increased 48 hours post a single

IM administration of 0.3 mg of rhTSH and had returned to baseline

values six months later. Notably, the magnitude of the volume

increase differed between isoechoic nodules, hypoechoic nodules,

and the surrounding thyroid parenchyma.

The process of goitrogenesis is not well understood (14).

Iodine deficiency is an established cause of goiter but is not likely

in our patients. Greece has become an iodine sufficient country

since the 1990’s (15, 16), and the mean UIE of our subjects was

well above the lower limit of normal set by the World Health

Organization (WHO) (17). However, since our patients were

middle-aged, we cannot exclude the possibility that some of

them might have had inadequate iodine intake in the past.

Furthermore, none of our subjects had thyroid autoimmunity,

so the cause of their goiter was not apparent.

Several studies have examined the effects of rhTSH on thyroid

RAI uptake, thyroid function, and thyroid volume in euthyroid

volunteers with and without nodular goiter, with doses ranging
Frontiers in Endocrinology 05
from 0.01 to 0.9 mg (18–20). Two of them reported on changes in

thyroid volume in euthyroid healthy volunteers with normal

sonographic thyroid morphology, after rhTSH administration.

In the first, a single IM injection of 0.9mg rhTSH transiently

enlarged the thyroid gland, with the peak of the volume increase

(35.5%) occurring at 48 hours (20). In the second, the

investigators reported a slight (approximately 10%) but

significant increase in thyroid volume 48 hours after the IM

administration of 0.1mg of rhTSH, which had returned to

baseline values 4 days post rhTSH administration (19). In

another study, Nielsen et al. investigated the effect of a single

IM administration of 0.3 mg rhTSH on the volume of benign

nontoxic multinodular goiters and found a maximum volume

increase of 24% at 48 hours. The goiter volume had returned to

baseline values after a week and remained at this level on the 28th

day post-rhTSH (21); importantly, only the total thyroid volume

and not each nodule’s volume was assessed in this study. In our

study, we observed a mean increase of 70% in TV from baseline to

48 hours, which was greater compared to previous studies (19–

21), a finding that we cannot easily explain and could be attributed

to differences between the studied populations and in the
TABLE 2 Thyroid function tests, total thyroid, surrounding parenchyma and nodules’ volumes, and maximum nodule diameter measured before
and 48 hours and 6 months after the administration of human recombinant TSH, in male and female participants.

Baseline 48 hours 6 months

Thyroid function tests – women (n=11)/men (n=4)

TSH (mIU/mL) 1.60 ± 0.68/1.24 ± 0.46 13.43 ± 4.68**/8.41 ± 5.71 1.18 ± 0.79##/1.36 ± 0.33

FT4 (ng/dL) 1.18 ± 0.08/1.22 ± 0.10 2.39 ± 0.44**/2.72 ± 0.51* 1.47 ± 0.29##/1.42 ± 0.22

T3 (ng/mL) 1.23 ± 0.22/1.25 ± 0.32 2.49 ± 0.46**/2.65 ± 0.87 1.12 ± 0.14##/1.05 ± 0.13

Tg (ng/mL) 34.4 (94.96)/99.93 (235.60) 142.0 (231.81)**/393.30 (303.70) 41.22 (97.95)#/72.89 (142.21)

Volume parameters – women (n=11)/men (n=4)

Total Thyroid Volume – TV (mL) 8.33 (3.79)/16.18 (7.65) 12.85 (4.20)**/26.60 (16.42)* 9.13 (3.90)##/16.58 (10.20)#

Surrounding Parenchyma Volume – SPV (mL) 7.54 ± 1.87/12.39 ± 1.90 11.98 ± 2.32**/22.21 ± 5.82* 7.60 ± 1.92##/13.98 ± 4.02#

All nodules Volume (mL) (n=20/7) 0.45 (0.62)/2.86 (4.12) 0.52 (1.09)**/4.07 (4.45)* 0.44 (0.60)#/2.98 (3.62)#

Isoechoic nodules Volume (mL) (n=10/4) 0.77 (2.12)/3.87 (5.41) 1.38 (2.51)*/
5.04 (5.20)

0.57 (1.78)#/3.72 (2.92)

Hypoechoic nodules Volume (mL) (n=10/3) 0.34 (0.28)/0.75 (–) 0.40 (0.43)*/
1.56 (-)

0.32 (0.40)/0.83 (-)

Maximum nodule diameter (cm) – women (n=11)/men (n=4)

All nodules (n=20/7) 1.34 ± 0.50/2.20 ± 0.70 1.47 ± 0.56*/
2.36 ± 0.71

1.30 ± 0.49#/2.16 ± 0.51

Isoechoic nodules (n=10/4) 1.56 ± 0.60/2.50 ± 0.72 1.75 ± 0.60*/
2.60 ± 0.68

1.54 ± 0.52#/2.41 ± 0.42

Hypoechoic nodules (n=10/3) 1.13 ± 0.28/1.81 ± 0.51 1.19 ± 0.35/
2.04 ± 0.73

1.05 ± 0.34/1.83 ± 0.48

*p<0.05 versus baseline, **p<0.001 versus baseline, #p<0.05 versus 48 hours, ##p<0.001 versus 48 hours.
Values are presented as mean ± SD (normally distributed data) or as median (IQR) (non-normally distributed data).
/, seperates the values corresponding to women and men, respectively, and -, is used to denote that a median value is not available as there were only 3 hypoechoic nodules in men.
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methodology used in each study. Regarding thyroid function, it

seems that a dose-depended correlation between rhTSH

administration and the increase in thyroid hormones exists for

doses up to 0.3mg; thereafter, the maximal stimulation has

probably been achieved, and the response regarding the serum

levels of thyroid hormones is similar for 0.3 and 0.9mg of rhTSH

(18, 22). It is not known how rhTSH administration leads to the

acute enlargement of the thyroid gland. It has been hypothesized

that an exaggerated vascular response and interstitial fluid

accumulation could be implicated (20, 21). However, the

possibility of hypertrophy or proliferation of follicular cells and

enlargement of the follicles cannot be excluded. In vitro studies, in

cultures of normal or cancerous animal or human thyroid cell
Frontiers in Endocrinology 06
lines, have shown a mitogenic effect of bovine TSH in cooperation

with insulin/IGF-1 on follicular cells (8, 23, 24). In primary

cultures of normal thyroid cells and adenomatous goiter cells

treatment with TSH stimulated cell proliferation, as shown by

decreased doubling times (106 to 76 hours) (23) and increased

DNA synthesis (24). However, other studies do not support the

notion that TSH stimulates proliferation of normal human

thyrocytes in culture (25, 26). Besides, in cultures of thyroid

papillary and follicular cancer cells a biphasic response to TSH

has been reported: low concentrations of TSH stimulated invasion

and growth of cancerous cells, whereas these were inhibited by

high TSH concentrations (27). These discrepancies might arise

from the different types of thyroid cells used (animal/human,
A

B

FIGURE 2

Changes in the volume of isoechoic and hypoechoic nodules and in the surrounding parenchyma volume 48 hours and 6 months after the
administration of human recombinant TSH, presented as % change from baseline, in women (2A) and men (2B). *p<0.05 Volume at 48 hours
versus baseline (Wilcoxon signed-rank test).
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normal/goiter/cancer), the different culture conditions, and the

different doses of rhTSH used in the various studies. In vivo, the

hypothalamus-pituitary-thyroid axis is a system characterized by

dynamic compensation, meaning that the regulated variable

(thyroid hormones) controls the functional mass dynamics of its

regulating tissues (pituitary and thyroid glands) (28). This
Frontiers in Endocrinology 07
explains the delays in TSH normalization after correction of

hypo- and hyperthyroidism (hysteresis). In these disease states,

it normally takes weeks to months for the abnormal levels of

thyroid hormones or TSH to alter the pituitary or thyroid cell

mass (29); our study shows that even acute, significant elevations

of TSH might stimulate thyroid cell growth.
A B

C D

E F

G H

FIGURE 3

Correlation of the difference in nodule volume between baseline and 48 hours and between 48 hours and 6 months with the respective
difference in serum TSH (3A, 3B), FT4 (3C, 3D), T3 (3E, 3F), and Tg (3G, 3H) levels.
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Notably, in our study, the magnitude of the response to 0.3

mg of rhTSH was different between isoechoic nodules,

hypoechoic nodules, and the surrounding thyroid parenchyma,

showing considerable variability. In particular, the volume

change in hypoechoic nodules was smaller than that of the

isoechoic nodules. Furthermore, the mean maximum diameter

of isoechoic nodules increased significantly post rhTSH

administration, while in hypoechoic nodules it did not. We do

not know with certainty what determines the echogenicity of a

nodule. In a few studies, it seems that marked fibrosis (>30%)

contributes to hypoechoic sonographic appearance (30, 31). We

might hypothesize that hypoechoic nodules respond less to

rhTSH due to increased fibrosis compared to isoechoic

nodules or to the SPV. Nodular thyroid disease results from

follicular cell hyperplasia and multiclonal cell proliferation (14).

The follicles of thyroid nodules are heterogeneous regarding

their morphology, growth pattern, mitotic activity, and function,

exactly like the “normal”, non-nodular thyroid tissue (32, 33). In

this context, it is not surprising that we observed striking

differences (large variance) in the volume change responses of

the studied nodules to rhTSH. Even nodules of the same

echotexture and within the same thyroid gland demonstrated

marked inconsistency regarding their volume response

to rhTSH.

Our study has several limitations. First, we do not know

when the maximum of volume response occurred and when the

nodules returned to their baseline size, since we only took

measurements at 48 hours and at 6 months following rhTSH

administration. Besides, thyroid scintigraphy was not performed

to rule-out hyperfunctioning nodules; however, we recruited

subjects with TSH ≥0.8 mIU/mL, which makes the possibility of

toxic nodular disease unlikely (34). Lastly, we only studied the

acute effect of rhTSH on thyroid nodules and our results cannot

be extrapolated to other conditions (such as chronically

elevated TSH).

In conclusion, a single dose of 0.3 mg rhTSH transiently

increased the volume of benign thyroid nodules, but their

response demonstrated a great variability and was more

pronounced in isoechoic nodules. In clinical practice all

benign thyroid nodules are managed as one category, when

in fact there is great heterogeneity between them. Our findings

could be helpful in the management of benign thyroid

nodules. In fact, we aim to conduct an interventional study

in which LT4 suppressive therapy will be administered to

patients with nodules that significantly increased in size

post-rhTSH. More clinical studies are needed to confirm

our conclusions.
Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.
Frontiers in Endocrinology 08
Ethics statement

The studies involving human participants were reviewed and

approved by Ethics Committee of the University Hospital of

Patras. The patients/participants provided their written

informed consent to participate in this study.
Author contributions

PB: data collection, statistical analysis, writing of the

manuscript. GM: statistical analysis, writing of the manuscript.

IM: hormone measurements. KM: study design, critical revision

of the manuscript. MM: study design, data collection, writing of

the manuscript. All authors contributed to the article and

approved the submitted version.
Funding

The publication fees of this manuscript have been financed

by the Research Council of the University of Patras.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fendo.2022.1066379/full#supplementary-material

SUPPLEMENTARY TABLE 1

Summary of patients’ characteristics.

SUPPLEMENTARY TABLE 2

Relative change in nodules volume (defined as the percent change in
nodule volume divided by the percent change in the SPV) from baseline to

48 hours and from 48 hours to 6 months (I, Isoechoic; H, Hypoechoic).
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2022.1066379/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.1066379/full#supplementary-material
https://doi.org/10.3389/fendo.2022.1066379
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Bountouris et al. 10.3389/fendo.2022.1066379
References
1. KwongN,Medici M, Angell TE, Liu X,Marqusee E, Cibas ES, et al. The influence
of patient age on thyroid nodule formation, multinodularity, and thyroid cancer risk. J
Clin Endocrinol Metab (2015) 100(12):4434–40. doi: 10.1210/jc.2015-3100

2. Popoveniuc G, Jonklaas J. Thyroid nodules. Med Clin North Am (2012) 96
(2):329–49. doi: 10.1016/j.mcna.2012.02.002

3. Papini E, Guglielmi R, Bianchini A, Crescenzi A, Taccogna S, Nardi F, et al.
Risk of malignancy in nonpalpable thyroid nodules: Predictive value of ultrasound
and color-Doppler features. J Clin Endocrinol Metab (2002) 87(5):1941–46.
doi: 10.1210/jcem.87.5.8504

4. Durante C, Costante G, Lucisano G, Bruno R, Meringolo D, Paciaroni A, et al.
(2015). doi: 10.1001/jama.2015.0956

5. Eszlinger M, Krohn K, Hauptmann S, Dralle H, Giordano TJ, Paschke R.
Perspectives for improved and more accurate classification of thyroid epithelial
tumors. J Clin Endocrinol Metab (2008) 93(9):3286–94. doi: 10.1210/jc.2008-0201

6. Cibas ES, Ali SZ. The 2017 Bethesda system for reporting thyroid
cytopathology. Thyroid (2017) 27(11):1341–46. doi: 10.1089/thy.2017.0500

7. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ , Nikiforov
YE, et al. 2015 American Thyroid association management guidelines for adult
patients with thyroid nodules and differentiated thyroid cancer: The American
thyroid association guidelines task force on thyroid nodules and differentiated
thyroid cancer. Thyroid (2016) 26(1):1–133. doi: 10.1089/thy.2015.0020

8. Kimura T, Van Keymeulen A, Golstein J, Fusco A, Dumont JE, Roger PP.
Regulation of thyroid cell proliferation by TSH and other factors: A critical
evaluation of in vitro models. Endocr Rev (2001) 22(5):631–56. doi: 10.1210/
edrv.22.5.0444

9. Cole ES, Lee K, Lauziere K, Kelton C, Chappel S, Weintraub B, et al.
Recombinant human thyroid stimulating hormone: development of a
biotechnology product for detection of metastatic lesions of thyroid carcinoma.
Biotechnol (N Y) (1993) 11(9):1014–24. doi: 10.1038/nbt0993-1014

10. Fast S, Hegedüs L, Pacini F, Pinchera A, Leung AM, Vaisman M, et al. Long-
term efficacy of modified-release recombinant human thyrotropin augmented
radioiodine therapy for benign multinodular goiter: Results from a multicenter,
international, randomized, placebo-controlled, dose-selection study. Thyroid
(2014) 24(4):727–35. doi: 10.1089/thy.2013.0370

11. Brunn J, Block U, Ruf G, Bos I, Kunze WP, Scriba PC. Volumetric analysis
of thyroid lobes by real-time ultrasound. Dtsch Med Wochenschr (1981) 106:1338–
40. doi: 10.1055/s-2008-1070506

12. Tuttle RM, Fagin JA, Minkowitz G, Wong RJ, Roman B, Patel S, et al.
Natural history and tumor volume kinetics of papillary thyroid cancers during
active surveillance. JAMA Otolaryngol Head Neck Surg (2017) 143(10):1015–20.
doi: 10.1001/jamaoto.2017.1442

13. Dunn JT, Crutchfield HE, Gutekunst R, Dunn AD. Two simple methods for
measuring iodine in urine. Thyroid (1993) 3(2):119–23. doi: 10.1089/
thy.1993.3.119

14. Knobel M. Etiopathology, clinical features, and treatment of diffuse and
multinodular nontoxic goiters. J Endocrinol Invest (2016) 39(4):357–73.
doi: 10.1007/s40618-015-0391-7

15. Markou KB, Koukkou EG. The Greek population is iodine sufficient and not
at risk of iodine-induced hyperthyroidism. J Nutr (2012) 142:1611. doi: 10.3945/
jn.112.163980

16. Markou K, Michalaki M, Makri M, Georgopoulos NG, Pagoni C, Sorras K,
et al. Iodine intake and thyroid function in villagers and city dwellers in south –
Western Greece. Thyroid (1996) 6:Supp 1:S–79.

17. Zimmermann MB. Iodine deficiency. Endocr Rev (2009) 30(4):376–408.
doi: 10.1210/er.2009-0011
Frontiers in Endocrinology 09
18. Nielsen VE, Bonnema SJ, Hegedüs L. The effects of recombinant human
thyrotropin, in normal subjects and patients with goitre. Clin Endocrinol (Oxf)
(2004) 61(6):655–63. doi: 10.1111/j.1365-2265.2004.02134.x

19. Pena S, Arum S, Cross M, Magnani B, Pearce EN, Oates ME, et al. 123I
thyroid uptake and thyroid size at 24, 48, and 72 hours after the administration of
recombinant human thyroid-stimulating hormone to normal volunteers. J Clin
Endocrinol Metab (2006) 91(2):506–10. doi: 10.1210/jc.2005-1986

20. Nielsen VE, Bonnema SJ, Hegedüs L. Effects of 0.9 mg recombinant human
thyrotropin on thyroid size and function in normal subjects: A randomized,
double-blind, cross-over trial. J Clin Endocrinol Metab (2004) 89(5):2242–47.
doi: 10.1210/jc.2003-031783

21. Nielsen VE, Bonnema SJ, Hegedüs L. Transient goiter enlargement after
administration of 0.3 mg of recombinant human thyrotropin in patients with
benign nontoxic nodular goiter: A randomized, double-blind, crossover trial. J Clin
Endocrinol Metab (2006) 91(4):1317–22. doi: 10.1210/jc.2005-2137

22. Torres MS, Ramirez L, Simkin PH, Braverman LE, Emerson CH. Effect of
various doses of recombinant human thyrotropin on the thyroid radioactive iodine
uptake and serum levels of thyroid hormones and thyroglobulin in normal subjects.
J Clin Endocrinol Metab (2001) 86(4):1660–64. doi: 10.1210/jcem.86.4.7405

23. Roger P, Taton M, Van Sande J, Dumont JE. Mitogenic effects of thyrotropin
and adenosine 3’,5’-monophosphate in differentiated normal human thyroid cells in
vitro. J Clin Endocrinol Metab (1988) 66(6):1158–65. doi: 10.1210/jcem-66-6-1158

24. Hishinuma A, Yamanaka T, Kasai K, So S, Tseng CC, Bamba N, et al.
Different growth control of the two human thyroid cell lines of adenomatous goiter
and papillary carcinoma. Thyroid (1995) 5(1):41–6. doi: 10.1089/thy.1995.5.41

25. Davies TF, Platzer M, Schwartz AE, Friedman EW. Short- and long-term
evaluation of normal and abnormal human thyroid cells in monolayer culture. Clin
Endocrinol (Oxf) (1985) 23(5):469–79. doi: 10.1111/j.1365-2265.1985.tb01106.x

26. Morgan SJ, Neumann S, Marcus-Samuels B, Gershengorn MC. Thyrotropin
stimulates differentiation not proliferation of normal human thyrocytes in culture.
Front Endocrinol (Lausanne) (2016) 7:168. doi: 10.3389/fendo.2016.00168

27. Hoelting T, Tezelman S, Siperstein AE, Duh QY, Clark OH. Biphasic effects
of thyrotropin on invasion and growth of papillary and follicular thyroid cancer in
vitro. Thyroid (1995) 5(1):35–40. doi: 10.1089/thy.1995.5.35

28. Karin O, Swisa A, Glaser B, Dor Y, Alon U. Dynamical compensation in
physiological circuits.Mol Syst Biol (2016) 12(11):886. doi: 10.15252/msb.20167216

29. Korem Kohanim Y, Milo T, Raz M, Karin O, Bar A, Mayo A, et al. Dynamics
of thyroid diseases and thyroid-axis gland masses. Mol Syst Biol (2022) 18(8):
e10919. doi: 10.15252/msb.202210919

30. Chen SJ, Yu SN, Tzeng JE, Chen YT, Chang KY, Cheng KS, et al.
Characterization of the major histopathological components of thyroid nodules
using sonographic textural features for clinical diagnosis and management.
Ultrasound Med Biol (2009) 35(2):201–8. doi: 10.1016/j.ultrasmedbio.2008.08.017

31. Kim JH, Na DG, Lee H. Ultrasonographic echogenicity and histopathologic
correlation of thyroid nodules in core needle biopsy specimens. Korean J Radiol
(2018) 19(4):673–81. doi: 10.3348/kjr.2018.19.4.673

32. Ramelli F, Studer H, Bruggisser D. Pathogenesis of thyroid nodules in
multinodular goiter. Am J Pathol (1982) 109(20):215–23.

33. Suzuki K, Kawashima A, Yoshihara A, Akama T, Sue M, Yoshida A, et al. Role
of thyroglobulin on negative feedback autoregulation of thyroid follicular function and
growth. J Endocrinol (2011) 209(2):169–74. doi: 10.1530/JOE-10-0486

34. Michalaki M, Kyriazopoulou V, Paraskevopoulou P, Vagenakis AG, Markou
KB. The odyssey of nontoxic nodular goiter (NTNG) in Greece under suppression
therapy, and after improvement of iodine deficiency. Thyroid (2008) 18(6):641–5.
doi: 10.1089/thy.2007.0348
frontiersin.org

https://doi.org/10.1210/jc.2015-3100
https://doi.org/10.1016/j.mcna.2012.02.002
https://doi.org/10.1210/jcem.87.5.8504
https://doi.org/10.1001/jama.2015.0956
https://doi.org/10.1210/jc.2008-0201
https://doi.org/10.1089/thy.2017.0500
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1210/edrv.22.5.0444
https://doi.org/10.1210/edrv.22.5.0444
https://doi.org/10.1038/nbt0993-1014
https://doi.org/10.1089/thy.2013.0370
https://doi.org/10.1055/s-2008-1070506
https://doi.org/10.1001/jamaoto.2017.1442
https://doi.org/10.1089/thy.1993.3.119
https://doi.org/10.1089/thy.1993.3.119
https://doi.org/10.1007/s40618-015-0391-7
https://doi.org/10.3945/jn.112.163980
https://doi.org/10.3945/jn.112.163980
https://doi.org/10.1210/er.2009-0011
https://doi.org/10.1111/j.1365-2265.2004.02134.x
https://doi.org/10.1210/jc.2005-1986
https://doi.org/10.1210/jc.2003-031783
https://doi.org/10.1210/jc.2005-2137
https://doi.org/10.1210/jcem.86.4.7405
https://doi.org/10.1210/jcem-66-6-1158
https://doi.org/10.1089/thy.1995.5.41
https://doi.org/10.1111/j.1365-2265.1985.tb01106.x
https://doi.org/10.3389/fendo.2016.00168
https://doi.org/10.1089/thy.1995.5.35
https://doi.org/10.15252/msb.20167216
https://doi.org/10.15252/msb.202210919
https://doi.org/10.1016/j.ultrasmedbio.2008.08.017
https://doi.org/10.3348/kjr.2018.19.4.673
https://doi.org/10.1530/JOE-10-0486
https://doi.org/10.1089/thy.2007.0348
https://doi.org/10.3389/fendo.2022.1066379
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Benign thyroid nodules respond to a single administration of 0.3mg recombinant human thyrotropin with highly variable volume increase
	Introduction
	Materials and methods
	Study design and participants
	Assays
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


