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suboptimal or excessive in about 32–45% of cases [3]. 
Further, more than three-quarters of patients on tablet 
LT4 therapy complain about poor quality of life (QoL) 
and low treatment satisfaction [4–6].

There are numerous possible causes of poor control 
of hypothyroidism. LT4 has a narrow therapeutic in-
dex, i.e. the difference between the minimum effective 
concentration and the minimum toxic concentration 

Introduction

Hypothyroidism is a common endocrine disorder 
affecting about 5% of the population [1, 2]. The stan-
dard of care involves long-term substitution therapy 
with synthetic thyroid hormone, L-thyroxine (LT4). 
Even though there are treatment guidelines available 
for multiple clinical scenarios, LT4 therapy is either 
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Abstract 
It is estimated that hypothyroidism treatment may be either suboptimal or excessive in about 32–45% patients treated with L-thyroxine 
(LT4). There are multiple possible causes of poor control of hypothyroidism, including narrow LT4 therapeutic index, food and drug 
interactions, comorbidities, and patient non-adherence. Some of these obstacles could possibly be overcome with the novel liquid LT4 
formulation. Liquid LT4 reaches maximum blood concentration about 30 minutes faster than the tablet form. Faster pharmacokinetics might 
lead to more efficient LT4 absorption, as suggested by a recent real-world study in patients with primary and central hypothyroidism.  
Liquid LT4 treatment led to increased free thyroxine (FT4) and sex hormone binding globulin (SHBG) with decreased low-density li-
poprotein (LDL) cholesterol concentration and substantially improved  quality of life for the patients. Herein we present a series of 31 
patients with hypothyroidism of different aetiologies treated with the novel liquid LT4 formulation in standard clinical care in light of 
the latest scientific publications on liquid LT4 formula. We observed normalization of thyroid function tests shortly after introduction of 
liquid LT4, irrespective of concurrent diseases or concomitant medications that could diminish LT4 absorption. In more detail, the treat-
ment with liquid LT4 managed to normalize thyroid-stimulating hormone (TSH) concentrations in patients without any known causes 
of LT4 absorption disturbances, as well as in those with malabsorption: with gastric bypass, partial small and large intestine resection, 
scleroderma, gluten intolerance, celiac disease, atrophic gastritis, and polytherapy. In conclusion, considering many factors disturbing LT4 
absorption, hypothyroidism therapy with liquid LT4 seems to be a particularly effective option. (Endokrynol Pol 2022; 73 (5): 893–902)
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Data were gathered in 2020–2021 at 7 endocrinol-
ogy centres in Poland by 8 endocrinologists during 
routine clinical practice and retrospectively extracted 
from medical records. The choice of which patient data 
to include in the study was an independent physician’s 
decision, to illustrate typical everyday practice. Patients 
with poor hypothyroidism control, who had been ei-
ther switched from LT4 tablet formulation to liquid LT4 
Tirosint-SOL or prescribed Tirosint-SOL as the first LT4 
preparation, were included and followed-up for several 
weeks up to achievement of euthyroidism. There were 
no exclusion criteria applied, to reflect the outcomes in 
real-world setting. To measure the outcomes, we anal-
ysed the results of laboratory tests, relief of symptoms, 
and patient-reported satisfaction.

We analysed the data of 31 patients (30 females 
and one male). Most of the patients had hypothyroidism 
due to Hashimoto’s disease (n = 12), post-operative hy-
pothyroidism (n = 9), or needed therapy optimization 
due to pregnancy (n = 5). Two patients had hypothy-
roidism due to treatment for Graves’ disease (one with 
concurrent neuroendocrine tumour [NET] grade 2), 
and one newborn had congenital hypothyroidism. Two 
of the described cases displayed panhypopituitarism 
(n = 2) after pituitary surgery.

Patient characteristics and clinical data are presented 
in Table 1. 

Hashimoto’s disease

Patient 1
A 38-year-old woman with a busy lifestyle due to a chal-
lenging job was diagnosed with Hashimoto’s disease 
at the age of 24; she had no concurrent diseases. She 
reported having problems achieving euthyroidism 
during the past year and complained of dry skin and fa-
tigue. She was treated with 100 µg LT4 in tablet form. 
In February 2021, her TSH was 6.423 mIU/L. Her LT4 
dose was increased to 100 µg 5 days a week and 125 µg 
twice a week; however, in April 2021 her TSH increased 
to 8.18 mIU/L and FT4 was 11.8 pmol/L. The patient did 
not report any new symptoms; her body weight was 
stable (50 kg); complete blood test, ferritin, vitamin B12, 
and albumin were within normal ranges. Antibodies 
against gliadin, tissue transglutaminase, and gastric 
parietal cells were negative. Helicobacter pylori stool test 
was negative.

At the end of April 2021, it was decided to switch 
from LT4 tablets to a liquid formulation at a dose of 112 
µg. In June 2021, her TSH was 0.287 mIU/L and FT4 
was 19.6 pmol/L. Subsequently, the dose was adjusted 
to 100 µg daily, and in September 2021 her TSH was 
normalized at 1.33 mIU/L. The patient felt well and was 
satisfied with the new treatment. 

in the blood is small; therefore, even small dose altera-
tions may result in significant clinical effects. Moreover, 
drug absorption may be altered by many factors, such 
as the patient’s concurrent conditions (H. pylori infec-
tion, celiac disease, lactose intolerance, gastroparesis), 
concomitant drugs (proton-pump inhibitors, calcium-, 
magnesium-, and aluminium-containing compounds, 
ferrous sulphate, tricyclic antidepressants, b-blockers, 
ciprofloxacin, simethicone, sucralfate, raloxifene, 
orlistat), and food intake (milk, soy, coffee, papaya, 
grapefruit juice, fibre) [7]. Therefore, prescribing infor-
mation of most marketed LT4 products advises taking 
the drug at least 30 minutes before breakfast; however, 
the American Thyroid Association and the European 
Thyroid Association recommend administration at least 
60 minutes prior to breakfast or at bed-time at least 
3 hours after the last meal [8, 9].

It is not surprising that many patients find this treat-
ment regimen challenging. Gastrointestinal disorders 
restricting LT4 absorption may affect more than 60% 
of the global population [10]. Moreover, in a large sur-
vey among 1000 patients treated for hypothyroidism, 
about half of the respondents reported taking dietary 
supplements that could interfere with LT4 absorption, 
about 60% consumed such food, and more than 40% 
of patients reported taking their medication less than 
30 minutes before breakfast, sometimes even during 
the day [11].

To overcome pharmacokinetic barriers, novel LT4 
formulations have been developed, including gel 
capsule and liquid forms. A study of 3 different LT4 
formulations revealed that liquid LT4 reaches maxi-
mum blood concentration about 30 minutes faster than 
the tablet form [12], probably because the phase of tablet 
disintegration is omitted. Notably, liquid LT4 displays 
similar bioavailability whether administered 30 min or 
15 min before a high-fat, high-calorie breakfast [13]; 
thus, this formulation might substantially improve 
treatment outcomes in hypothyroid patients. Faster 
pharmacokinetics might lead to better LT4 absorp-
tion [12], as suggested by a real-world study in which 
liquid LT4 treatment led to increased free thyroxine 
(FT4) and sex hormone binding globulin (SHBG) with 
decreased low-density lipoprotein (LDL) cholesterol 
concentration and substantially improved QoL in pa-
tients with primary and central hypothyroidism [14].

Patient management with liquid 
levothyroxine

This is the first multicentre study describing outcomes 
of liquid, alcohol-free LT4 formulation therapy in pa-
tients with hypothyroidism, who struggled to achieve 
euthyroidism with previous therapy with LT4 tablets.
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Table 1. Patients’ characteristics and clinical data

Sex, age 
[years]

Therapy with tablet LT4 Therapy with liquid LT4
Further managementLT4 daily 

dose [μg] TSH [µU/mL] LT4 daily 
dose [μg] TSH [µU/mL]

Hashimoto’s disease

Patient 1 Female, 
38

100 × 5/125 
× 2/week 8.18 100 1.33 Continuation of the reduced 

dose of liquid LT4

Patient 2 

+ RYGB
Female, 

55 200 9.8 175 1.2 Continuation of the reduced 
dose of liquid LT4

Patient 3

+ gluten intolerance

+ inflammatory bowel disease

Female, 
50 150 33.7 137 0.051 Dose reduction to 112 µg

Patient 4 

+ patient preference
Female, 

35 137 2.3 125 2.1

Patient 5 Female, 
37 50 5.46 50 2.43 Continuation of liquid LT4 

Patient 6 Female, 
47 75/100 4.17 88 1.37 Continuation of liquid LT4

Patient 7

+ Alzheimer’s disease
Female, 

77 50 20.11 100 3.7

Patient 8 Female, 
41 125 4.89 150 0.21 Dose reduction to 137 µg

Patient 9

+ Addison’s disease 

+ celiac disease

Female, 
14 100/175 8–22 125 3.5 Dose reduction to 100 µg

Patient 10

+ type 1 diabetes mellitus
Female, 

8 50 21 50/38 4.5

Patient 11 Female, 
58 125 36 150/175 6.8 TSH value after 7-day post 

switch. No follow-up

Patient 12 Female, 
51 50 4.38 50 × 6/75 

× 1/week 1.98

Thyroidectomy

Patient 13

+ MEN 2a + adrenalectomy
Male, 26 125 5.6–12 125 1.8

Continuation of treatment 
with the same dose of liquid 

LT4

Patient 14

+ partial small and large 
intestine resection

Female, 
76 250 73.7 75 Within normal 

ranges
TSH normalized 

after 10 days of therapy

Patient 15

+ parathyroid insufficiency
Female, 

31 200 + 25 1.0 200 0.073

Patient 16

+ scleroderma
Female, 

43 250 5.26 275 0.068

Patient 17 Female, 
52 137 50.92 137/150 5.46

Measured after 2 months 
post-switch

Liquid LT4 dose increased 
to 150 μg

Patient 18

+ adenocarcinoma
Female, 

71 75/100 48.01 100 4.6 Measured 20 days after 
the switch

Patient 19

+ parathyroid insufficiency

+ polytherapy

Female, 
35 175 34.2 175 16.4

Liquid LT4 dose increased 
to 175 µg five times a week 
and 200 µg twice a week 
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Patient 2
A 55-year-old woman with Hashimoto’s disease un-
derwent bariatric surgery (Roux en Y Gastric Bypass) 
due to morbid obesity with body mass index (BMI) 
of 44  kg/m2. Before the surgery, she was taking LT4 

in tablet form at a daily dose of 200 µg; her TSH was 
3.5 mU/L and FT4 was 12.4 pmol/L. After the surgery, 
the patient lost 30 kg in 10 months, and her LT4 dose 
was not weight-adjusted. Her laboratory parameters 
worsened; TSH was 9.8 mU/L and FT4 was 10.5 pmol/L. 

Table 1. Patients’ characteristics and clinical data

Sex, age 
[years]

Therapy with tablet LT4 Therapy with liquid LT4
Further managementLT4 daily 

dose [μg] TSH [µU/mL] LT4 daily 
dose [μg] TSH [µU/mL]

Patient 20 Female, 
48 187.5 6.11 200 0.1 After 6 weeks of treatment

Patient 21 Female, 
17 – 3.2 125 0.08

Pregnancy

Patient 22

+ post-operative hypothyroidism
Female, 

38
175 × 4/200 
× 3 per week 6.6 175 × 4/200 

× 3 per week 1.4
Continuation of treatment 

with the same dose of liquid 
LT4

Patient 23

+ celiac disease
Female, 

26 125 5.2 125 × 5/150 
×2/week 1.6

Patient 24

+ lifestyle issue
Female, 

34 200 3.9 175/200 2.51

Patient 25

+ vomiting
Female, 

36 75 2.3 
(I trimester) 50 2.31 

(II trimester)

Patient 26 Female, 
36 125/150 3.9 137 0.98

Graves’ Disease

Patient 27

+ NET G2

+ polytherapy

Female, 
44 75 4.9

75
1.89

Patient 28 Female, 
15 – 21.08 25 3.08 Liquid LT4 dose reduction 

to 13 µg 

Newborn with congenital hypothyroidism

Patient 29 Female, 
newborn –

294.9  
(10 days 

after birth)
50

2.31  
(3 weeks 

after birth)

Liquid LT4 dose reduction 
to 25/13 µg at 8 weeks 

resulting in TSH 3.03 
at 12 weeks of age 

Central hypothyroidism

Sex, age 
[years]

Tablet LT4 
daily dose 

[μg]

FT3 and FT4 
concentration

Liquid LT4 
daily dose 

[μg]

FT3; FT4 
concentration

Patient 30

Pituitary tumour 
and post-surgery multihormonal 
insufficiency 

+ ischemic stroke 

+ COVID-19 complications

Female, 
60 112

FT3 — 0.87 
pmol/L; 

FT4 — 10.0 
pmol/L

112 FT4 — 16.6 
pmol/L

FT3 and FT4 increase within 
a few days 

Patient 31

+ acromegaly 

+ post-surgery multihormonal 
pituitary insufficiency

Female, 
65 100

FT3 — 1.33 
pg/mL; 

FT4 — 1.04 
ng/dL

88

FT3 — 2.2 
pg/mL; 

FT4 — 1.68 
ng/dL

FT3 and FT4 increase within 
a few weeks

LT4 — L-thyroxine; THS — thyroid-stimulating hormone; RYGB — Roux-en-Y gastric bypass; FT3 — free triiodothyronine FT4 — free thyroxine
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The patient reported muscle cramps and a slower rate 
of body mass reduction.

It was decided to introduce liquid LT4 at the same 
dose. After 2 months, her TSH was 3.1 mU/L and FT4 
was 13.8 pmol/L, and she felt much better. Three months 
later, TSH dropped to 0.5 mIU/L; therefore, the liquid 
LT4 dose was decreased to 175 µg daily. After 2 months, 
TSH normalized to 1.2 mIU/L.

Patient 4
A 35-year-old woman with Hashimoto’s disease had 
been undergoing treatment for 10 years with the tablet 
form of LT4 at a dose of 137 µg. Her TSH was normalized 
at 2.3 mIU/L; however, she was willing to try the novel 
alternative liquid drug form due to the possibility of 
administration without regard to food. After 3 months 
of liquid LT4 125 µg daily, TSH was 2.1 mIU/L.

Patient 12
A 51-year-old female was diagnosed with subclini-
cal hypothyroidism 10 years ago, at the same time when 
an abnormal oral glucose tolerance was confirmed 
during pregnancy. Thyroid ultrasonography (US) was 
suggestive of autoimmunological thyroid inflamma-
tion; thyroglobulin antibodies (aTg) were 22.49 IU/mL 
(normal value < 4.11 IU/mL). She was treated with 
LT4 in tablet form at a dose of 50 µg with the following 
results: TSH — 5.56 mIU/L, FT4 — 13.5 pmol/L. After 
giving birth, the patient interrupted the treatment due 
to increased appetite. Her TSH was 2.02 mIU/L.

Three years ago, the patient presented to the endo-
crinology unit due to fatigue, weakness, feeling cold, 
and joint pain. TSH was 7.7 mIU/L, FT4 was 11.9 pmol/L, 
and aTg was 57.25 IU/mL. LT4 was re-introduced in 
tablet form at a dose of 50 µg. After 3 months, the drug 
was changed to another LT4 tablet preparation; how-
ever, the patient did not tolerate this drug well either. 
Her TSH was 4.38 mIU/L. The patient asked to switch 
the drug once again; therefore, liquid LT4 at a dose of 
50 µg was introduced. The drug was well tolerated, but 
the patient continued feeling tired despite her TSH be-
ing within normal range (2.52 mIU/L). The liquid LT4 
dose was increased to 75 µg given once a week and 50 
µg given 6 times a week. Finally, her TSH reached 
1.98 mIU/L and she felt well. 

Thyroidectomy 

Patient 13
A 26-year-old male had multiple endocrine neoplasia 
(MEN) type 2A and post-operative thyroid and adrenal 
insufficiency. As a child, he underwent prophylactic 
thyroidectomy. Over time, he developed pheochro-
mocytomas of both adrenal glands, each followed by 

adrenalectomy. Establishing a therapeutic LT4 dose was 
difficult due to the patient’s non-compliance. His TSH 
fluctuated between 5.6 and 12 mIU/L while on the LT4 
tablet at a dose of 125 µg. The patient complained of 
fatigue. Unfortunately, after attempting to increase 
the LT4 dose to 137 µg, the patient presented with signs 
of thyrotoxicosis factitia (palpitations).

Fluctuations of thyroid hormones were particu-
larly dangerous in this patient due to his underlying 
condition. His elevated thyroid hormones increased 
the metabolism of hydrocortisone, resulting in de-
creased hydrocortisone blood concentration, which 
could be life-threatening. On the other hand, the un-
controlled hypothyroidism resulted in hyponatremia 
and disabled adrenal hormone substitution monitoring.

It was decided to switch from tablet to liquid LT4 
at a daily dose of 125 µg. After 6 weeks of therapy, 
the patient’s TSH was 2.3 mU/L, and after 12 weeks it 
was 1.8 mU/L. Liquid LT4 was continued, and the pa-
tient felt well.

Patient 16
A 43-year-old female presented to the endocrinol-
ogy unit complaining of generalized oedema and hot 
flashes. On 9 June 2020, she was diagnosed with bifocal 
papillary carcinoma (Bethesda group V). On 30 July 
2020, she underwent thyroidectomy and was subse-
quently treated with LT4 in tablet form at a dose of 150 
µg (1.49 µg/kg). Post-operative histopathological exami-
nation revealed multifocal papillary thyroid carcinoma. 
On 11 August  2020, her TSH was 14.8 mIU/L and FT4 
was 1.3 ng/dL. The LT4 dose was gradually in-creased, 
reaching 250 µg (2.7 µg/kg) on 17 November 2020, but 
TSH was still not suppressed (5.26 mIU/L). At that time, 
the patient was diagnosed with scleroderma. 

It was decided to switch the drug to the liquid LT4 
formulation at the same dose. On 10 February 2021, TSH 
was 3.89 mIU/L and the liquid LT4 dose was increased 
to 275 µg in order to achieve a recommended TSH 
concentration of 0.1–0.5 mIU/L [15]. On 12 April 2021, 
TSH was suppressed at 0.04 mIU/L, aTg was 11.4 IU/mL, 
and thyroglobulin (Tg) was < 0.04 ng/mL. The drug 
was continued at a dose of 275 µg. On 8 June 2021 TSH 
was 0.068 mIU/mL.

Patient 20
A 48-year-old woman presented to the endocrinology 
unit due to poor control of post-operative hypothy-
roidism. Her thyroid was removed during papillary 
carcinoma treatment. Even though the patient was 
taking high LT4 doses (187.5 μg, body weight 56 kg; 3.35 
μg/kg), TSH was not suppressed (TSH — 6.11 mIU/L) 
while the recommended TSH concentration was be-
tween 0.1 and 0.5 mIU/L [15]. She admitted non-com-
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pliance with taking the medicine at least 30 minutes 
before breakfast. Liquid LT4 was introduced at a dose 
of 200 μg daily. After 6 weeks of treatment, TSH de-
creased to 0.1 mIU/L.

Pregnancy

Patient 22
A 38-year-old woman was in the 23rd week of her third 
pregnancy (with a history of one caesarean section 
and one miscarriage) with post-operative hypothyroid-
ism. Before the pregnancy, her BMI was 29 kg/m2; she 
was treated with LT4 tablets at a dose of 125 μg.

During the current pregnancy, she was diag-
nosed with gestational hypertension and treated 
with methyldopa. The LT4 dose was increased to 175 
μg three times a week and 200 μg four times a week (2.7 
μg/kg); however, TSH was still elevated at 6.6 mIU/L 
and FT4 was 9.2 pmol/L. The goal TSH concentration 
while treating hypothyroidism in pregnancy is below 
2.5 mIU/L as recommended by the Polish Endocrine 
Society [16] and the American Thyroid Society [17]. 
Thus, it was decided to switch from tablet LT4 to liquid 
form at the same dose. After 4 weeks, TSH decreased 
to 2.0 mIU/L and FT4 was 13.6 pmol/L. After another 
4 weeks (31st week of pregnancy) TSH was 1.4 mIU/L 
and FT4 was 12.3 pmol/L.

Patient 25
A 36-year-old woman was undergoing treatment for 
Hashimoto’s disease for 14 years. During her first 
pregnancy in 2015, she was treated with LT4 in tablet 
form at a dose of 75–100 µg. After delivery, her LT4 dose 
was decreased to 75 µg and her thyroid hormones were 
within normal ranges.

In 2021, during the first trimester of her second 
pregnancy, her TSH was 2.3 mIU/L. She complained 
of nausea and vomiting complicating drug intake. 
Therefore, the LT4 tablet dose was switched to a liquid 
formulation at a dose of 50 µg daily. At the 20th week 
of the pregnancy, the patient’s TSH was 2.31 mIU/L.

Graves’ disease

Patient 27 — Graves’ disease 
with neuroendocrine tumour (NET) G2
On 2 February 2021, a 44-year-old woman attended 
the clinic due to intermittent abdominal pain and post-
prandial fullness in the epigastrium. Her medical his-
tory included type 1 diabetes mellitus diagnosed when 
she was 9 years old, Graves’ disease diagnosed in 1999 
and treated with 131I isotope twice in 2000 and 2003, 
chronic kidney disease, and arterial hypertension. At 
gastroscopy, chronic atrophic gastritis and several pol-

yps in the lower gastric body were noticed. Five polyps 
were removed; in histopathological examination, 2 of 
them, sized 2–3 mm, were diagnosed as neuroendo-
crine tumour (NET) G1 (Ki-67 1%) and 3 of them, sized 
5–7 mm, as NET G2 (Ki-67 5%).

On 6 April 2021, the patient was hospitalized. She 
complained of chronic fatigue, weight gain, and dry 
skin. Computed tomography (CT) of the abdomen 
revealed nodular thickening of the gastric body sized 
5 × 2.5 mm, hypodense lesions in the caudate lobe of 
the liver sized 5.5 mm, and post-COVID ground-glass 
opacity of the lungs. On 8 April 2021, laboratory tests 
showed increased chromogranin and gastrin concentra-
tions, while urine serotonin and 5-hydroxyindoloacetic 
acid (5-HIO) concentrations were within normal ranges. 
Thyrotropin was 4.9 µIU/mL and FT4 was 1.34 ng/dL. 
Additionally, the patient had vitamin B12 deficiency. 
She was discharged from the hospital on 9 April 2021.

The patient was switched from LT4 tablets to 
liquid LT4 at the same dose of 75 μg daily. She was 
concomitantly treated with alfacalcidol, insulin aspart, 
insulin degludec, furosemide, and pentoxifylline. 
After 2 months of treatment, on 1 June 2021, TSH was 
1.89 mIU/L and FT4 was 1.44 ng/dL. The patient report-
ed improvement in well-being, body mass stabilization, 
and better diabetes control.

Patient 28
A 15-year-old girl with Graves’ disease [TSH — 0.01 
µIU/mL; FT4, 4.5 ng/dL; free triiodothyronine (FT3) 
— 8.62 pg/mL; TSH receptor antibodies (TRAb) — 18 IU/L 
at diagnosis] presented to the endocrinology depart-
ment in November 2020 with the following control test 
results: TSH — 21.08 µIU/mL; FT3 — 3.15 pg/mL; FT4 
— 0.615 ng/dL; TRAb — 12 IU/L. She had been treated 
with thiamazole for 2 months, at that time at a dose of 
5 mg twice daily, orally.

To avoid drug-induced hypothyroidism, the thiam-
azole dose was reduced to 5 mg once daily and liquid 
LT4 25 μg was started. After 6 weeks, a significant 
improvement was observed: TSH was 5.08 µIU/mL 
and FT4 was 1.615 ng/dL. After another 3 months of 
therapy, her clinical condition was stable; TSH was 
3.08 µIU/mL; FT4 was 1.43 ng/dL; TRAb was 4.5 IU/L. 
The patient was further treated with thiamazole 5 mg 
and liquid LT4 13 μg daily.

Newborn with congenital hypothyroidism

Patient 29
A girl born on 18 February 2021, with a birth weight of 
3250 g and body length of 54 cm, with no family history 
of thyroid dysfunction, underwent a screening test 3 
days after birth; her TSH was 78 µIU/mL (normal range: 
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1.38–12 µIU/mL). Ten days after birth, TSH reached 
294.9 µIU/mL, FT4 was 0.134 ng/dL (normal ranges: 
1.1–2.0 ng/dL), FT3 was 1.1 pg/mL (normal ranges: 
2.0–5.2 pg/mL), thyroid peroxidase antibodies [aTPO] 
were > 5 IU/mL, creatinine was 0.71 mg/dL, and bili-
rubin was elevated at 11.08 mg/dL. Ultrasonography 
showed slightly enlarged thyroid with increased blood 
flow in colour and power Doppler. The baby had hear-
ing impairment; Pendred syndrome was presumed. 

Liquid LT4 was introduced at a dose of 25 µg for 2 
days, then the dose was increased to 50 µg for 10 days. 
On 8 March 2021, laboratory tests were as follows: pro-
found decrease in TSH to 2.31 µIU/mL, FT4 — 3.17 ng/dL, 
FT3 — 6.04 pg/mL, thyroglobulin > 500.0 ng/mL, total 
bilirubin — 10.47 mg/dL, and creatinine — 0.5 mg/dL. 
Thyroid autoantibodies were within normal ranges 
(aTPO — 7.8 IU/mL; aTg — 14.0 IU/mL). The LT4 dose 
was subsequently decreased to 38 µg. On 15 March 
2021, when the baby was 4 weeks old, TSH was 1.11 
µIU/mL, FT4 — 2.19 ng/dL, FT3 — 5.1 pg/mL, total 
bilirubin — 6.57 mg/dL, and creatinine — 0.32 mg/dL. 
On 17 March 2021, the drug dose was reduced to 25 µg. 
During the next 4 weeks, TSH concentration gradually 
decreased, reaching 0.85 µIU/mL on 13 April 2021; LT4 
was 1.66 ng/dL, LT3 — 4.62 pg/mL, aTPO — 5.5 IU/mL, 
total bilirubin — 1.77 mg/dL, creatinine — 0.3 mg/dL, 
and vitamin D3 was 40 ng/mL. The baby showed notice-
able psychomotor improvement and reacted to auditory 
stimuli. There were no auditory system abnormalities 
revealed in audiological evaluation; therefore, the initial 
diagnosis of Pendred syndrome was excluded. 

On 14 April 2021, the LT4 dose was decreased to 
25/13 µg administered every other day. On 12 May 2021, 
when the baby was 12 weeks old, TSH was normalized 
at 3.03 µIU/mL, LT4 was 1.62 ng/dL, and FT3 was 4.23 
pg/mL. The drug dosage was maintained at 25/13 µg 
administered every other day. Thyroid hormones were 
normalized, and the baby was developing properly. 
After one year of therapy the patient is euthyroid with 
normal psychomotor development (75th and 50th centiles 
of body length and mass, respectively).

Central hypothyroidism

Patient 30
A 60-year-old female with multihormonal hypopi-
tuitarism, ischemic stroke of the right hemisphere, 
and post-stroke dementia syndrome was hospitalized 
due to SARS-CoV-2 infection-induced pneumonia. After 
stabilization, the patient was transferred to the endocri-
nology department due to a life-threatening condition 
evoked by hormonal insufficiency.

In 1985 the patient had been operated due to a large 
chromophobic pituitary tumour, followed in 1986 by 

radiotherapy. Before hospitalization for COVID-19, 
she was treated with a morning hydrocortisone dose of 
10 mg and desmopressin 60 µg twice a day, and an oral 
tablet LT4 112 µg daily.

Upon hospitalization, the patient was in a mod-
erately severe general condition, circulatory and re-
spiratory compensation, without verbal contact, fed 
with an industrial diet through a gastric tube. She 
received intravenous hydrocortisone, a preparation of 
LT4, and desmopressin by gavage. Thyroid hormone 
results were as follows: FT3 0.87 pmol/L (3.1–6.8), FT4 
— 10.0 pmol/L (12.0–22.0), and TSH — 0.035 µIU/mL 
(0.27–4.20). A liquid LT4 preparation was implemented, 
achieving FT4 normalization of 16.6 pmol/L (12.0–22.0) 
within a few days.

Patient 31
A 65-year-old female patient after surgical removal 
(June 2020) of pituitary macroadenoma, compress-
ing the pituitary stalk, modelling the optic chiasm, 
and causing symptoms of acromegaly and hyperpro-
lactinemia. In September and October 2020, during her 
stay at the Department of Endocrinology and Metabolic 
Diseases, postoperative multi-hormonal pituitary insuf-
ficiency was confirmed, and no biochemical indicators 
of active acromegaly were found. In addition to sub-
stitution treatment with hydrocortisone (15 mg at 8.00 
a.m. and 10 mg around 2:00 p.m.) and desmopressin 
(60 µg daily), the patient received LT4 substitution with 
tablets (75 µg/day, and then after 5 weeks the dose was 
increased to 100 µg/day). Regardless of the LT4 dose, 
the TSH concentration remained significantly decreased 
(0.13 IU/L), which confirmed secondary hypothyroid-
ism; the level of free thyroxine (FT4) was in the low nor-
mal range (1.04 ng/dL, normal range: 0.93–1.7 ng/dL), 
while the level of FT3 was clearly decreased (1.14 pg/mL, 
normal range: 2.0–4.4 pg/mL). Increasing the dose of 
LT4 tablets to 100 µg did not have any significant effect 
on the hormonal constellation, and the very low level 
of FT3 (1.33 pg/mL) remained the most characteristic. 
Therefore, after 6 months of treatment with LT4 in tablet 
form, it was decided to switch to a liquid LT4 prepara-
tion (liquid LT4, 88 µg/day). This change resulted in 
normalization of FT3 concentration after a few weeks 
(low normal values — 2.2 pg/mL) and an increase in FT4 
concentration (high normal values — 1.68 ng/dL). TSH 
levels remained consistently low (< 0.05 IU/L), which 
is typical of hypopituitarism. However, from the start 
of taking liquid LT4, the patient reported a significant 
improvement in general well-being and QoL, which 
was directly related to the intake of the LT4 liquid 
preparation. This proves that in cases of secondary hy-
pothyroidism and TSH deficiency or lack thereof, faster 
absorption of the liquid LT4 preparation ensures more 
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effective T3 formation in the monodeiodination process, 
which gradually leads to the normalization of this hor-
mone concentration.

Safety 
The patients did not report any adverse events during 
therapy with liquid LT4. One patient complained of 
the unpleasant taste of the drug.

Discussion and literature review

We present 31 cases of patients who managed to achieve 
euthyroidism with liquid LT4 formulation. This group 
is largely heterogenous, with different hypothyroidism 
aetiologies, multiple or no comorbidities, polytherapy, 
and lifestyle and adherence issues that could have 
negatively influenced the outcomes of treatment with 
tablet LT4. 

The effects of switching from tablet to an equal 
dose of liquid LT4 have been examined in numerous 
prospective studies concerning patients without factors 
that could alter LT4 absorption [18], as well as those 
with such conditions [19–23]. These studies have been 
selected and analysed in a meta-analysis by Virilli et 
al. [24]. In all studies, TSH significantly dropped after 
switching from tablet to liquid drug formulation. Of 
note, the mean difference between TSH values ob-
tained during tablet and liquid LT4 therapy was most 
pronounced in patients who underwent bariatric 
surgery (5.7) [19] and in patients with LT4 malabsorp-
tion caused by calcium and iron supplements (5.53) 
[20], showing measurable clinical benefits yielded by 
improved pharmacokinetic properties of liquid LT4 
formulation. However, another meta-analysis [25] of 
8 studies, including 4 studies not analysed by Virilli 
et al., showed superiority of liquid LT4 in patients on 
replacement or suppressive therapy with malabsorp-
tion, while no significant differences were observed in 
those without malabsorption. In contrast, Fallahi et al. 
[18] showed significant TSH reduction in patients with 
Hashimoto’s disease and post-operative hypothyroid-
ism without LT4 malabsorption. 

Indeed, in our study, liquid LT4 managed to normal-
ize TSH concentrations in patients without any known 
causes of LT4 absorption disturbances, as well as in 
those with malabsorption: with gastric bypass (Patient 
2), partial small and large intestine resection (Patient 14), 
scleroderma (Patient 16), gluten intolerance (Patient 3), 
celiac disease (Patient 9, Patient 23), atrophic gastritis 
(Patient 27), and polytherapy (Patient 19, Patient 27, 
Patient 29). Among numerous causes of LT4 malabsorp-
tion, intolerance to tablet excipients should also be men-
tioned [7, 26]. Tirosint-SOL is the first alcohol-free 
liquid LT4 formulation, containing only the active sub-

stance, glycerine, and water, thus minimizing the risk 
of excipient allergy or intolerance. Given that many 
patients might display diagnosed and undiagnosed 
gastrointestinal disorders, intolerances, and allergies, 
detailed medical history before LT4 therapy initiation 
is of crucial importance [27].

Importantly, problems in achieving good control 
of thyroid hormones concern not only patients with 
comorbidities or concomitant therapies, but also 
those who are unable to be compliant with drug ad-
ministration 30–60 min before breakfast. Pseudoma-
labsorption (patient non-compliance) is increasingly 
acknowledged as the main cause of therapy failure 
despite high LT4 doses [27]. Trimboli et al. found that 
softgel and liquid LT4 formulations were effective re-
gardless of the interval between drug administration 
and breakfast, and suggested considering them as 
the first-line therapy in patients with hypothyroidism 
[28]. Recent pharmacokinetic data showed that liquid 
LT4 displays similar bioavailability whether taken 
30 min or 15 min before a high-fat, high-calorie break-
fast [13], which might substantially improve treatment 
outcomes in hypothyroid patients, especially those with 
adherence issues. This approach is reflected in Patient 
4, who preferred the novel liquid drug formulation 
and achieved the same clinical result with a decreased 
liquid LT4 dose compared to tablet form. Virilli et al., 
based on a comprehensive literature search, proposed 
a treatment algorithm advising liquid LT4 formulations 
according to patient preference, but also to patients 
treated with multiple drugs, with gastrointestinal disor-
ders, intolerant to excipients, and to special populations 
(infants, unconscious, enterally fed, unable to swallow, 
and pregnant women) [29].

Notably, the issue of patients’ QoL is drawing 
increasing attention as the main goal of the therapy. 
Dissatisfaction with LT4 treatment has been described 
repeatedly [6], and overall QoL has been reported as 
low by patients suffering from hypothyroidism [4, 5]. 
This suggests a growing need for the development of 
new treatments [4], which is confirmed by the results of 
a study conducted among Polish endocrinologists [30]. 
Therapy with novel liquid LT4 could improve patients 
QoL in several aspects. First, recent real-world data 
showed that euthyroid patients with hypothyroidism 
treated with liquid LT4 displayed (besides increased FT4 
and SHBG and decreased LDL cholesterol concentra-
tion) an increase in QoL assessed with the ThyPRO 
questionnaire when compared with the QoL they 
perceived during therapy with tablet-form LT4 [14]. 
ThyPRO has been described as the most relevant 
and reliable QoL questionnaire for hypothyroidism 
[6], and it has been validated in Polish language [31]. 
The QoL was improved in 12 of 12 investigated catego-
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ries in patients with primary hypothyroidism, and in 
10 of 12 in patients with central hypothyroidism [14]. 
Second, as suggested by Ducharme et al., treatment 
with liquid LT4 could allow a shorter interval between 
administration of LT4 and food intake from 30 to 15 min 
because the pharmacokinetics of liquid LT4 is similar 
between both intake regimens [13]. Thus, increased 
convenience of therapy could improve patients’ adher-
ence and compliance.

Pregnant women are a particularly important popula-
tion due to an increased demand for LT4 caused by hor-
monal factors, potential pregnancy complications and in-
fant developmental delays resulting from decreased fT4 
concentration, and nausea/vomiting that can restrict 
drug ingestion. In a retrospective study among pregnant 
woman with hypothyroidism, those who were treated 
with liquid LT4 needed dose adjustments significantly 
less often than those on tablet LT4 [32]. 

Liquid LT4 formulation may also be helpful in per-
sonalized congenital hypothyroidism therapy in infants 
[33]. As a drug with a narrow therapeutic index, LT4 
dosing should be exceptionally precise in babies due to 
their low body mass. However, the minimal dose of 13 
μg LT4 in liquid form could be challenging to divide in 
precisely defined smaller doses when needed in prema-
ture newborns. On the other hand, drug formulation 
should enable convenient administration. LT4 prepa-
rations compounded at pharmacies may not provide 
accurate and stable drug concentrations [34]; therefore, 
optimal solutions are still needed.

In a study of 78 infants with congenital hypothyroid-
ism, liquid LT4 resulted in lower TSH values at 7–10 
days and 6–8 months of therapy compared to tablet 
formulation [35]. Another study in a smaller group 
of patients showed faster TSH normalization but also 
suggested higher risk of overtreatment in newborns 
with severe hypothyroidism treated with liquid LT4 
compared to tablets, highlighting the need for an indi-
vidualized approach and increased therapy monitoring 
[33]. In our study, liquid LT4 managed to decrease TSH 
concentrations from 294.9 mIU/L to 2.31 mIU/L in just 
less than 2 weeks in a newborn with congenital hypo-
thyroidism.

Although liquid LT4 formulation safety and effica-
cy has been investigated in numerous studies and clini-
cal scenarios, this is one of the first reports on the new, 
alcohol-free liquid LT4 composition, containing only 
L-thyroxine, glycerol, and water. To date, outcomes 
of therapy with alcohol-free liquid LT4 have been 
described in a single-centre study in patients with pri-
mary and central hypothyroidism [14] and case studies 
concerning a newborn with congenital hypothyroidism 
and 21 trisomy [37], a patient with celiac and Addison’s 
disease [38], patients with celiac disease, a pregnant pa-

tient with post-operative hypothyroidism, a patient with 
post-operative hypothyroidism due to Graves’ disease 
[39], and in a patient with malabsorption due to multiple 
gastrointestinal disorders [40]. Our results seem to be 
in line with the previous reports, suggesting potential 
benefits of treatment with novel LT4 formulation.

This study has some limitations. Our study popula-
tion is highly heterogenous in terms of hypothyroidism 
aetiology, age, comorbidities, and duration of follow-up; 
therefore, we were unable to perform statistical analysis 
of the obtained data. Moreover, lack of a comparative 
group disables drawing any firm conclusions about 
effectiveness and safety of the intervention. On the oth-
er hand, such a study design reflects real-world clinical 
practice and is free of selection bias, which is present in 
some studies with strict inclusion and exclusion criteria.

Conclusions

Considering many factors disturbing LT4 absorption, 
such as patient non-compliance, concurrent gastro-
intestinal diseases, infections, allergies (diagnosed or 
undiagnosed), and interactions with food or concomi-
tant medicines, or poor QoL, hypothyroidism therapy 
with liquid LT4 seems to be a particularly effective op-
tion and can be considered as the treatment of choice.
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