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Regulation of thyroid hormone production
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Periventricular
region

Anterior lobe
of the pituitary’

Small-bodied neurons in the arcuate
nucleus and median eminence

synthesize and secrete thyrotropin-
releasing hormone (TRH).
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Grootste deel T4 en T3 gebonden aan eiwitten

Binding proteins Voornaamste= TBG
(andere albumine, transthyretin...)
T4 T,

Serum Q TBG= thyroid binding globuline

A

Free T, and free T,
A

Folliculaire cel

T4 en T3 niet wateroplosbaar

gebonden vorm niet renaal gefilterd,
grote pool van T4 en T3 in circulatie



FT4 verlaat de bloedbaan in de periferie en wordt opgenomen in de cellen

In het bloed: Binding proteins Voornaamste= TBG
(andere albumine, ...)
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FT3 verlaat de bloedbaan in de periferie en wordt opgenomen in de cellen

In het bloed: Binding proteins Voornaamste= TBG
(andere albumine, ...)
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Op niveau van de lever zal deel van FT3 terug keren naar de circulatie

In het bloed: Binding proteins Voornaamste= TBG

T (andere albumine, ...)
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— | Elimination and recycling
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Interference with endogenous thyroid function
Disruption of hypothalamic—pituitary control
Decreased thyroid hormone production or release
Increased thyroid hormone production

Enhanced thyroid autoimmunity

Destructive thyroiditis

Changes in thyroid hormone—binding proteins
Inhibition of thyroid hormone activation (T.-to-T:
conversion)

Displacement of thyroid hormone from binding proteins
Increased thyroid hormone metabolism or elimination
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Interference with Thyroid Hormone Treatment
» Decreased pill dissolution

» Decreased thyroid hormone absorption

» Decreased free thyroid hormone levels

Drugs Causing abnormal Thyroid Tests in Euthyroid Patients

Burch; N Engl J Med 2019



Interference with endogenous thyroid function
» Disruption of hypothalamic—pituitary control
» TSH suppression
» Hypophysitis




Interference with endogenous thyroid function
» Disruption of hypothalamic—pituitary control
» TSH suppression
» Hypophysitis




» Dopamine/Dopamine agonists
» Somatostatin analogues

» Glucocorticoid

» Rexinoids

» Mitotane

» Metformin




TSH Suppression

* Dopamine/Dopamine agonists (bromocryptine)



Small-bodied neurons in the arcuate
nucleus and median eminence
synthesize and secrete thyrotropin-
releasing hormone (TRH).
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Administration of
Dopamine (D2 receptor)
reduces TSH pulse
amplitude

Overall effect is to lower
serum TSH concentration
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TSH Suppression

* Dopamine/Dopamine agonists (bromocryptine)

* No central hypothyroidism in prolonged treated patients with bromocryptine

e Resolution hypothyroidism in patients central hypothyroidism caused by
prolactinoma

* latrogenic hypothyroidism in patients with non-thyroid-iliness treated with
dopamine

Haugen; Best Pract Res Clin Endocrinol Metab. 2009



TSH Suppression

 Somatostatin analogues



Small-bodied neurons in the arcuate
nucleus and median eminence

synthesize and secrete thyrotropin-
releasing hormone (TRH).
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TSH Suppression
 Somatostatin analogues

* Medical therapy

* TSH-secreting pituitary tumors that cannot be adequately controlled with
surgery

Haugen; Best Pract Res Clin Endocrinol Metab. 2009



Administration of
somatostatin

(somatostatin receptors)

decreases pulse
amplitude and pulse
frequency of TSH
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TSH Suppression

* Glucocorticoid*

* Inhibition of TRH in the hypothalamus— Supressed TSH release

Haugen; Best Pract Res Clin Endocrinol Metab. 2009



Small-bodied neurons in the arcuate
nucleus and median eminence

synthesize and secrete thyrotropin-
releasing hormone (TRH).

Periventricular

Glucocorticoid binds to receptors
in TRH neurons of the PVN




Glucocorticoid binds to receptors
in TRH neurons of the PVN
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TSH Suppression

e Rexinoids

 Bexarotene: treatment cuteaneous T-cell
lymphoma

Haugen; Best Pract Res Clin Endocrinol Metab. 2009



TSH Suppression

Rexinoids
Interact with nuclear hormone receptor (RXR)  goeosocnsoncnsoneososeosocnns

* Forms protein partner (heterodimer) with other BEO0000E0000BE000888000065600008
nuclear transcription factors including thyroid “Aone i

hormone receptor

* These heterodimers can influence different target
genes

Reduce TSH secretion (40-70% of treated
patients)

Recovery after discontinuation s

Haugen; Best Pract Res Clin Endocrinol Metab. 2009

|/
(

9000000000000000068000080800080000

ﬂ..0..0.00..0.0.00000.000.000000000
)

LU
MRNA N
/\/\/‘;LJLMJU



TSH Suppression

* Mitotane (adrenocortical carcinoma)

Haugen; Best Pract Res Clin Endocrinol Metab. 2009



TRH stimulation test
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TSH Suppression

* Mitotane (adrenocortical carcinoma)
e Central hypothyroidism (within 3 months)
* Long term thyroid hormone replacement is often required

Haugen; Best Pract Res Clin Endocrinol Metab. 2009



TSH Suppression

e Metformin

Haugen; Best Pract Res Clin Endocrinol Metab. 2009



TSH Suppression

e Metformin

* TSH lowering effects in patients with T2DM and hypothyroidism or in those
with TSH serum levels in the upper normal value

* Exert a protective role against thyroid nodules growth
* Mechanism?

Haugen; Best Pract Res Clin Endocrinol Metab. 2009



Cross talk
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G-protein receptor
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pathway

MAPK
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Cannarella et al; J Endocrinol Invest 2021



Interference with endogenous thyroid function
» Disruption of hypothalamic—pituitary control
» TSH suppression
» Hypophysitis




Meta-Analysis > Horm Metab Res. 2019 Mar;51(3):145-156. doi: 10.1055/a-0843-3366.
Epub 2019 Mar 12.

A Systematic Review and Meta-Analysis of
Endocrine-Related Adverse Events Associated with
Immune Checkpoint Inhibitors

Jeroen de Filette 1, Corina Emilia Andreescu 1, Filip Cools 2, Bert Bravenboer ', Brigitte Velkeniers



Hypophysitis

* Immune checkpoint inhibitors:
e CTLA-4 inhibitors (ipilimumab)
* PD-1 inhibitors
* PD-L inhibitors

de Filette et al; Horm Metab Res 2019



Figure 2: Percentage incidence of immune checkpoint inhibitor-mediated endocrinopathies with monotherapy and
combination therapy*
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» Table 2 Summary of relative risk for endocrine adverse events.

Treatment

Ipilimumab vs.
placebo/chemo

Nivolumab vs.
placebo/chemo

Pembrolizumab wvs.

placebo/chemo

Hypothyroidism

% (95% CI)

6.51(3.37-12.58)

11.19 (4.31-29.08)

7.41 (4.06-13.52)

p-value

=0.001

<0.001

=0.001

Hyperthyroidism

% (95% CI)

6.83 (0.81-57.83)

4.20 (1.12-15.84)

8.52 (3.66-19.84)

p-Value

0.078

0.034

=<0.001

Thyroiditis

% (95 % Cl)

5.08 (0.25-105.29)

2.56 (0.28-23.08)

6.56 (0.80-53.61)

de Filette et al; Horm Metab Res 2019

p-Value

0.293

0.402

0.079

Hypophysitis

% (95 % Cl)

9.26 (0.51-169.66)

2.06 (0.22-19.68)

2.89 (0.46-18.27)

p-Value

0.134

0.531

0.259



Hypophysitis

* Anti-CTLA-4-induced . i
(destructive) hypophysitis
* After 4 to 10 weeks of treatment =
3"d cycle
 More frequent among older and
male patients

* Corticotropic, thyrotropic and
gonadotropic




Hypophysitis
* Life threatening due to the abrupt onset of central adrenal failure.

* The initial presentation may be indolent :
 Headache, visual-field disturbance
* Fatigue
* Weight loss
* Cold intolerance



Hypophysitis

* Treatment:
* Substitution therapy if indicated

 First substitution of adrenal axis (Addison crisis)!
* High-dose glucocorticoids mass effect symptoms (visual-field disturbance)

* Recovery of gonadal and thyroid function in 50 % of the cases
e Adrenal axis often permanently affected
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Interference with endogenous thyroid function

Thyroid:
lodine-Induced Thyroid Dysfunction:
» lodine-induced hyperthyroidism
(nodule/nodules)
> Amiodarone®, contrast

» lodine-induced hypothyroidism
> Amiodarone®, contrast




TABLE 2 — lodine-containing drugs

Group

Representative drug

lodine amount per unit

Anti-arrhythmic drugs

Radiocontrast agenis

Expectorants
Topical antiseptics
Anti-amebiasis agents

lodides

Anti-cellulite
treatments and natural
preparations

Ophthalmic solution

Amiodarone

lopanoic acid
Ipodate sodium

Other IV* preparations

lodinated glycerol
Povidone-iodine
lodoquinol

Lugol's solution
Potassium iodide
Cellasene

Kelp and vitamin
preparations

Idoxuridine

75 mg/tablet

333 mg/tablet
308 mg/tablet
140-380 mg/ml

15 mg/tablet
10 mg/ml
134 mg/tablet

6-8 mg/drop
38 mg/drop

240 pg/capsule**
150 pg/tablet***

18 pg/drop****

*Infravenous **3 capsules/day

“**1 to 3 tablets/day

2 drops qid

lodine daily requirement
=150 mcg
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Follicular
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Interference with endogenous thyroid function

Thyroid:
lodine-Induced Thyroid Dysfunction:
» lodine-induced hyperthyroidism
(nodule/nodules)
» Amiodarone, contrast

» lodine-induced hypothyroidism
> Amiodarone, contrast




Amiodarone Induced thyroid disorder

I lodine related mechanism:‘

| Jod-Basedow effect |

Excess of iodine substrate

k .
T Thiamazole(Strumazol®)
Uncontrolled overproduction of thyroid hormones

*Propylthiouracil

Hyperthyroidism (Typel)

Frequently in Graves disease, endemic goiter, toxic

multinodular goiter, thyroid adenoma
B N  ——— *

Figure 1. Mechanisms of amiodarone-induced thyroid disorders.

Ylli et al, JCEM 2021



Amiodarone Induced thyroid disorder

| lodine related mechanism:‘

Mechanisms not related to iodine

| m—

Cytotoxic thyroid effect
Glucocorticoid steroids ]

. . Destructive thyroiditis
Thyroidectomie

*Thiamazol Strumazol®)

»*

Hyperthyroidism (Type 2} *Propylhiouracil

Figure 1. Mechanisms of amiodarone-induced thyroid disorders.

Ylli et al, JCEM 2021
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Interference with endogenous thyroid function

Thyroid:
lodine-Induced Thyroid Dysfunction:
» lodine-induced hyperthyroidism
(nodule/nodules)
> Amiodarone, contrast

» lodine-induced hypothyroidism
» Amiodarone, contrast




Amiodarone Induced thyroid disorder

| lodine related mechanism:‘
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Inhibition of iodine organification

!
Reduced production T3, T4, increased TSH

Escape effect Fail to escape |

T4, T3, TSH return to normal

Hypothyroidism remains |

Frequently in
Hashimoto disease

Frequently in
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Figure 1. Mechanisms of amiodarone-induced thyroid disorders.

Ylli et al, JCEM 2021



Amiodarone Induced thyroid disorder

| lodine related mechanism:‘

Mechanisms not related to iodine

Amiodarone inhibits D2 deiodinases

L

Decreasing T4 to T3 conversion |

L

Reduction in serum T3 level |

Figure 1. Mechanisms of amiodarone-induced thyroid disorders.

Ylli et al, JCEM 2021




Interference with endogenous thyroid function

Thyroid:
» Lithium induced hypothyroidism:
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Table 1

Prevalence of Hypothyroidism in Lithium Treated Patients.

The female-to-male ratio is about 5:1 No. of Patients % Hypothyroid Reference
4681 3.4 (range 0-233) Lazarus 1986°
207 6 Kallner 1995
. . 209 0.6 Kirov 19987
More frequent in underlying component of . 9 Deodhy 109
. < Qoa: 101 396 Kusalic 1999%
autoimmune thyroiditis e l04 ot 1
49 14 Ozpoyraz 20027
42 7.1 Caykoylu 2002
82 244 Gracious 20047
57 17 Kirov 2005
46 52 Aliasgharpour™
135 38 Fagolini®*

Lazarus; Best Pract Res Clin Endocrinol Metab. 2009



Interference with endogenous thyroid function
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» Tabla 1 Summary estimated incidence of endocrine adverse events on immune checkpoint inhibitors.

Target Treatment
CTLA-4 Ipilimumab
Tremelimumab
PD-1 Mivolurnab
Pembrolizurnab
PD-LT Atezolzumab
Avelumab
Durvalumab
Combined  Ipilimumab+
Mivolurnab
Ipilimumab+

Pembrolizumab

Durvalumab +
Tremelinumab

Total

998

316

191

E16

163

Hypothyroidism

Analyzed Summary
patients incidence
ni%) % (95% 1)
3614 (82%) 3.8(2.6-55)
NIA up fo 5.2 %"
3317(100%) 5.0(6.4-9.8)
4461 (99%) 8.5(7.5-9.7)"
998 (100%) 6.0(4.2-3.4)
316(100%) 5.5(3.5-87)
191(100%) 4.7 (2.5-8.8)
739(91%)  16.4(11.7-225)

163 {100%)

93 (100%)

15.1 {10.6-21.8)

10.2 (5.6-17.9)

Hyperthyroidism

Analyzed Summary
patients incidence

n %) %(95%Cl)
2147 (48%) 1.4(0.8-24)"
MfA up to 5.2 %
1710(52%) 2.8(2.1-3.8)
3757 (84%) 3.7 (2.8-47)"
MR MR

38(28%)  23(0.6-38)
MR MR

520 (64%) 9.4(7.1-12.3)
163 (100%) 10.4(66-16.1)
MR MR

Thyroiditis

Analyzed
patients

n i %)

1708 (39%)

NIA

650 (20%)

1916 (43%)

NR

NE

NR

147 (18.%)

153 (34 %)

NR

Summary
incidenca

% (95% Q)

2.1{1.1-4.1)

up to 5.2 %1

1.6(0.2-10.2)

23(1.2-48)

MR

MR

MR

3.8(1.4-94)°

45(2.2-93)

MR

Hypophysitis

Analyzed
patients

ni%)

3534 (20%)

1037 (89%)

1103 (33%)

1381 (31%)

NR

NE

NR

524 (64%)

153 (34%)

NE

de Filette et al; Horm Metab Res 2019

incidenca

% (95% 1)

56(39-8.1)

1.8(1.1-29)

05(02-1.2)

1.1{0.5-2.6)

MR

MR

MR

8.8(6.2-12.4)"

105 (B.5-16.4)

MR

Pal

Analyzed

patients

n i %)

1650 (38 %)

705 (60%)

979 (30%)

1691 (38 %)

MR

184 (58%)

MR

339 (42%)

163 (100%)

MR

DM
Summary Analyzed
incidence patients
%(95%C) n(%)

14(059-22) NR

1.3(0.7-24) HNE

20(059-43)" E19(19%)
0.8 (03-2.00" 341 (21%)
MR TO(TE)
1.1(03-42) 83 (28%)
MR MR

52(29-92)" NR

76(1.2-36.3) 153 (94%)

MR MR

Summary
incidenca

% (95% 1)

MR

MR

2.0 {0.7-5.8)"

0.4 {0.2-1.3)

1.4 (0.2-9.4)

1.1{0.2-7.6)

MR

MR

2.0 (0.6-5.9)

MR
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patients

n i %)

1650 (38 %)

705 (60%)

979 (30%)

1691 (38 %)

MR

184 (58%)

MR

339 (42%)

163 (100%)

MR

DM
Summary Analyzed
incidence patients
%(95%C) n(%)

14(059-22) NR

1.3(0.7-24) HNE

20(059-43)" E19(19%)
0.8 (03-2.00" 341 (21%)
MR TO(TE)
1.1(03-42) 83 (28%)
MR MR

52(29-92)" NR

76(1.2-36.3) 153 (94%)

MR MR

Summary
incidenca

% (95% 1)

MR

MR

2.0 {0.7-5.8)"

0.4 {0.2-1.3)

1.4 (0.2-9.4)

1.1{0.2-7.6)

MR

MR

2.0 (0.6-5.9)

MR



» Table 2 Summary of relative risk for endocrine adverse events.

Treatment

Ipilimumab vs.
placebo/chemo

Nivolumab vs.
placebo/chemo

Pembrolizumab wvs.

placebo/chemo

Hypothyroidism

% (95% CI)

6.51(3.37-12.58)

11.19 (4.31-29.08)

7.41 (4.06-13.52)

p-value

=0.001

<0.001

=0.001

Hyperthyroidism

% (95% CI)

6.83 (0.81-57.83)

4.20 (1.12-15.84)

8.52 (3.66-19.84)

p-Value

0.078

0.034

=<0.001

Thyroiditis

% (95% Cl) p-Value
5.08 (0.25-105.29) 0.293
2.56 (0.28-23.08) 0.402
6.56 (0.80-53.61) 0.079

de Filette et al; Horm Metab Res 2019

Hypophysitis

% (95% Cl) p-Value
9.26 (0.51-169.66) 0.134
2.06 (0.22-19.68)  0.531
2.89(0.46-18.27) 0.259



> Pa in |eSS ther | d ItIS * *Thyrotoxicosis followed by euthyroidism
or hypothyroidism

Negative TRAD,
Reduced or absent tracer uptake on

>W|th|n the ﬁrSt WeekS Of thera py technetium scan and/or increased 18FDG-

PET uptake
» Initial phase of thyrotoxicosis
» Evolves within 3—6 weeks to hypothyroidism
»Underlying process is likely to be a destructive inflammatory thyroiditis



» Painless thyroiditis*

»DD

»Hyperthyroid phase:
» Graves’ hyperthyroidism (check TSI)
» lodine contamination

»Hypothyroid phase:
» Euthyroid sick syndrome
» Hypothyroidism secondary to pituitary failure (CAVE Addison)

*Thyrotoxicosis followed by euthyroidism
or hypothyroidism

Negative TRAD,

Reduced or absent tracer uptake on
technetium scan and/or increased 18FDG-
PET uptake



» Painless thyroiditis*

> Treatment

»Hyperthyroid phase:
» B-blokker
» Glucocorticosteroids (thyroid storm)

»Hypothyroid phase:

» Levothyroxine substitution

*Thyrotoxicosis followed by euthyroidism
or hypothyroidism

Negative TRAD,

Reduced or absent tracer uptake on
technetium scan and/or increased 18FDG-
PET uptake



Figure 2: Percentage incidence of immune checkpoint inhibitor-mediated endocrinopathies with monotherapy and
combination therapy*
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» Table 2 Summary of relative risk for endocrine adverse events.

Treatment

Ipilimumab vs.
placebo/chemo

Nivolumab vs.
placebo/chemo

Pembrolizumab wvs.

placebo/chemo

Hypothyroidism

% (95% Cl) p-value
6.51(3.37-12.58)  <0.001
11.19 (4.31-29.08)  <0.001
7.41(4.06-13.52)  <0.001

Hyperthyroidism

% (95% CI)

6.83 (0.81-57.83)

4.20 (1.12-15.84)

8.52 (3.66-19.84)

p-Value

0.078

0.034

=<0.001

Thyroiditis

% (95 % Cl)

5.08 (0.25-105.29)

2.56 (0.28-23.08)

6.56 (0.80-53.61)

de Filette et al; Horm Metab Res 2019

p-Value

0.293

0.402

0.079

Hypophysitis

% (95% Cl) p-Value
9.26 (0.51-169.66) 0.134
2.06 (0.22-19.68)  0.531
2.89(0.46-18.27) 0.259



»Hypothyroidism
» Transient
»Permanent requiring substitution (Presence of anti-TPO)
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combination therapy*
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» Table 2 Summary of relative risk for endocrine adverse events.

Treatment

Ipilimumab vs.
placebo/chemo

Nivolumab vs.
placebo/chemo

Pembrolizumab wvs.

placebo/chemo

Hypothyroidism

% (95% CI)

6.51(3.37-12.58)

11.19 (4.31-29.08)

7.41 (4.06-13.52)

p-value

=0.001

<0.001

=0.001

Hyperthyroidism

%(95% Cl) p-Value
6.83 (0.81-57.83) 0.078
4.20 (1.12-15.84) 0.034
8.52(3.66-19.84) <0.001

Thyroiditis

% (95 % Cl)

5.08 (0.25-105.29)

2.56 (0.28-23.08)

6.56 (0.80-53.61)

de Filette et al; Horm Metab Res 2019

p-Value

0.293

0.402

0.079

Hypophysitis

% (95% Cl) p-Value
9.26 (0.51-169.66) 0.134
2.06 (0.22-19.68)  0.531
2.89(0.46-18.27) 0.259



»Hyperthyroidism
»Usually results from destructive thyroiditis (self-limiting; B-blokker)
»Graves’ disease must be ruled out (check TSI)



e Alemtuzumab (monocional antibody against the cell-surface antigen CD52)
* Multiple sclerosis
* Depletion of circulating B cells and T cells
* High rate of thyroid autoimmunity

* 41.1% of treated patients developed thyroid dysfunction

* 71.1 % Graves’ disease (fluctuations in stimulating and blocking antibodies against the
thyrotropin receptor)

* Diagnosed within 3 years after the completion of therapy (up to 5 to 9 years)
* Mechanism? Possibly recovery B cells

Daniels et al; J Clin Endocrinol Metab 2014



* Tyrosine kinase or multikinase inhibitors —renal cell carcinoma (sunitinib)

* Increased risk of thyroiditis (up to 25 %)
* Transient thyrotoxicosis before hypothyroidism
* Mechanism? Marked thyroid involution - ischemia?

[llouz et al, Eur J Endocrinol 2014



Interference with endogenous thyroid function

» Peripheral Thyroid Function
» /I or { binding to proteins in circulation




Increased thyroxine binding globulin levels
Estrogen Binding proteins
Raloxifene
Tamoxifen Sarum I
Methadone T ,L
Mitotane

Fluorouracil Free T, and free T,

Decreased thyroxine binding globulin levels
Androgens
Glucocorticoids
Nicotinic acid

Haugen; Best Pract Res Clin Endocrinol Metab. 2009



* M or ¢ binding to proteins in circulation

»If thyroid function is normal = Usually no effect

»If thyroid dysfunction is present
» I binding to proteins: * T4 per os needed (eg estrogen)
» ' binding to proteins: ' T4 per os needed (eg androgens)



* Drug-induced displacement of thyroid hormone from binding
proteins:
* Phenytoin

Carbamazepine
NSAID’s Overall limited impact

Heparin
Furosemide (high dose)



Thyrotropin suppression ]

Hypophysitis ]

[ 4 Conversionof T4to T3 ]

[ T Autoimmunity

lodine-induced
hyperthyroidism

[ 1 1 Binding proteins 1

[ T4 and T3 conjugation

!

[ Biliary excretion

[ 1 LT4 absorption

|
|

A
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Thproiditis ]

4 Release of T4 and T3 ]

[
L
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L

4 Conversionof T4to T3 ]

4 T4 tablet dissolution ]
|

|1
—_

[ 1 Fecal excretion } 1,

-
4 Conversion of T4to T3 ]

T Urinary excretion

Interference with endogenous thyroid function

» Peripheral Thyroid Function

» { conversion from FT4 to FT3
» Propylthiouracyl, Dexamethasone *,
Propranolol, Amiodarone*




Behandeling primaire hyperthyroidie

 Medicatie die schildklierfunctie remt*

A

Inhibition of TPO-
catalyzed iodination
of tyrosine residues

Propylthiouracil, but not
methimazole, blocks the
conversion of thyroxine
to triiodothyronine in
peripheral tissues

I* + Tyrosine-Tg

— 0; ‘, ;
R i

Thyroxine

*Thiamazole (Strumazol®) Propylthiouracil

*Propylthiouracil



Thyrotropin suppression ]

Hypophysitis ]

{ 4 Conversionof T4to T3 ]

[ T Autoimmunity [ Thyroiditis ]

lodine-induced
hyperthyroidism

4 Release of T4 and T3 ]

4 Conversionof T4to T3 ]

Drugs affecting thyroid hormone metabolism and excretion

[ 1 1 Binding proteins 1

By inducing glucuronidation enzymes = increasing excretion:

([ 74 and 73 conjugaion ’ - phenobarbital, phenytoin, carbamazepine, rifampin
[ by vcration x - [uunble:dissoluﬁon]
/ = e lc\omersion ofmor,]
e

[ 1 LT4 absorption

|

‘ , \ v/"

l 1 Fecal excretion JI :
| I
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Thyrotropin suppression ]

[ Hypophysitis J

[ | Conversionof T4to T3 ]

[ T Autoimmunity Thyroiditis ]

[
L

lodine-induced

— Rel fTa
[ hyperthyroidism [ | Release of T4 and T3

{ 1 Conversion of T4 to ‘.’3]

[ t 1 Binding proteins

[ T4 and T3 conjugation

\

{ o |
} LT4 tablet dissolution

I

\

 Conversion of T4to T3

7

h

[ 1 LT4 absorption

[ Biliary excretion

T Urinary excretion J

[ t Fecal excretion

Interference with endogenous thyroid function
Disruption of hypothalamic—pituitary control
Decreased thyroid hormone production or release
Increased thyroid hormone production

Enhanced thyroid autoimmunity

Destructive thyroiditis

Changes in thyroid hormone—binding proteins
Inhibition of thyroid hormone activation (T.-to-T:
conversion)

Displacement of thyroid hormone from binding proteins
Increased thyroid hormone metabolism or elimination

VVVVVYVYVYYVYY

Interference with Thyroid Hormone Treatment

» Decreased pill dissolution
» Decreased thyroid hormone absorption
» Decreased free thyroid hormone levels

Drugs Causing abnormal thyroid Tests in Euthyroid Patients

Burch; N Engl J Med 2019



Thyrotropin suppression ]

Hypophysitis ]

[

L 4 Conversionof T4to T3 ]

[ T Autoimmunity ] { Thyroidi ]
[ m;:;::ﬁ \\ [ § Relense of Tq and T3 ]
[ 4 Conversionof Tgto T3 ]

[ 1 1 Binding proteins }—

[ T4 and T3 conjugation

[ Biliary excretion

—

1 LT4 tablet dissolution

{ .

[ 1 LT4 absorption

]

[ 1 Fecal excretion } ]

h]

4 Conversion of T4to T3 ]

T Urinary excretion ]

Drugs interfering thyroid hormone treatment

Intake of T4 orally:

Gastrointestinal absorption:
Best LT4 on an empty stomach
J absorption with increasing pH, (PPI’s)




Disintegration

Dissolution




[ T Autoimmunity

Thyrotropin suppression ]

S

lodine-induced
hyperthyroidism

[ t 1 Binding proteins

Hypophysitis ]
{ 4 Conversionof T4to T3 ]
{ Thyroiditis ]

[ 1 Release of T4 and T3 ]

- \ [ 1 ConversionofTﬂoT;]

—_

[ T4 and T3 conjugation

!/

[ Biliary excretion

|

1 LT4 tablet dissolution
|

—

)
4 Conversion of T4to T3 ]
1

[ 1 LT4 absorption

T Urinary excretion ]

[ 1 Fecal excretion

Drugs interfering thyroid hormone treatment

Intake of T4 orally:
Gastrointestinal absorption:
J absorption iron sulfate, calcium carbonate,

bile salt binders

Increase in dosage LT4 may be necessary




Original Investigation

December 13/2/7, 2010

Effects of Evening vs Morning Levothyroxine Intake
A Randomized Double-blind Crossover Trial

Mienke Bolk, MD; Theo J. Visser, PhD; Judy Nijman, BSc; et al

¥ Author Affiliations | Article Infarmation

Arch intern Med. 2010:170(22):1996-2003. dei:10.1001/archinternmed.2010.436

Conclusions Levothyroxine taken at bedtime significantly improved thyroid hormone levels. Quality-of-life variables and
plasma lipid levels showed no significant changes with bedtime vs morning intake. Clinicians should consider prescribing

levothyroxine intake at bedtime.
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[ | Conversionof T4to T3 ]

[ T Autoimmunity Thyroiditis ]
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L

lodine-induced
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[ hyperthyroidism [ | Release of T4 and T3

{ 1 Conversion of T4 to ‘.’3]

[ t 1 Binding proteins

[ T4 and T3 conjugation

\

/ r
} LT4 tablet dissolution ]
I

[ Biliary excretion

Interference with endogenous thyroid function

VVVVVYVYVYYVYY

Disruption of hypothalamic—pituitary control

Decreased thyroid hormone production or release
Increased thyroid hormone production

Enhanced thyroid autoimmunity

Destructive thyroiditis

Changes in thyroid hormone—binding proteins
Inhibition of thyroid hormone activation (T.-to-T:
conversion)

Displacement of thyroid hormone from binding proteins
Increased thyroid hormone metabolism or elimination

Interference with Thyroid Hormone Treatment

>
>
>

Decreased pill dissolution
Decreased thyroid hormone absorption
Decreased free thyroid hormone levels

\

 Conversion of T4to T3

Drugs Causing abnormal Thyroid Tests in Euthyroid Patients

T Urinary excretion J

h

[ 1 LT4 absorption

[ t Fecal excretion

Burch; N Engl J Med 2019




Drugs Causing abnormal thyroid Tests in
Euthyroid Patients

Table 2. Drugs That Cause Spurious Thyroid Test Results in Euthyroid Persons.

Drug Drug Class Test Results Condition Mimicked
Thyrotropin Free Ty Ts
Amiodarone Class 11l antiarrhythmic High end of High Low end of Thyrotropin-secreting pituitary adeno-
agent normal range normal range ma, thyroid hormone resistance
Biotin Micronutrient Low High High Primary hyperthyroidism
Carbamazepine and Antiepileptic agent Mormal Lo Low end of Central hypothyroidism
oxcarbazepine normal range
Enoxaparin Anticoagulant Mormal High High Thyrotropin-secreting pituitary adeno-
ma, thyroid hormone resistance
Heparin Anticoagulant Mormal High High Thyrotropin-secreting pituitary adeno-
ma, thyroid hormone resistance
Phemytoin Antiepileptic agent Mormal Low Low end of Central hypathyroidism
normal range
Salsalate Monsteroidal anti- Mormal Low end of Low end of Central hypothyroidism
inflammatory drug normnal range  noermal range

Burch; N Engl J Med 2019



Antithyrotropin

antibody (site 1)
Antithyrotropin

with signal
antibody (site 2),
biotinylated Streptavidin fixed
Biotin to solid support

Signal after washing
is directly proportional
to thyrotropin level

C
— >
=
'
> “ B

Excess biotin occupies streptavidin
binding sites

Low thyrotropin signal antibody detected,
yielding a falsely low thyrotropin level

& B %

Figure 3. Biotin-Related Interference in Two-Site Thyrotropin Assay Measurements.




A . B Labeled T4 and patient Signal after washing is
Patient T4 T4 compete for binding inversely proportional
Labeled T4 to anti-T4 antibody to free T4 level
Anti-T4 antibody,
biotinylated
Streptavidin fixed
Biotin to solid support
" . " —
L . 7 .
C D

' Excess biotin occupies streptavidin
. binding sites
. ' Low signal detected, yielding a
} falsely elevated free T4 level
¥ & ea [ ATEE, SR A

- -

| =~ - .

Figure 4. Biotin-Related Interference in Competitive Free T, Immunoassays.




» Drugs interact with the thyroid through diverse
mechanisms

>

>

>

Disrupting hypothalamic—pituitary control
Triggering immune; (destructive) thyroiditis

Inducing or aggravating thyroid autoimmunity causing
both hypothyroidism and hyperthyroidism

Interfering the binding of thyroid hormone to protein
carriers

Reducing the conversion of T4 to T3

Affecting metabolism and recycling of thyroid
hormone




» Drugs affect the efficiency of exogenous thyroid hormone
therapy

» Drugs may alter the results of thyroid laboratory tests
mimicking thyroid dysfunction in euthyroid patients




Thyroid Test Interpretation

= subclinical hyperthyroidism

« recent treatment for
hyperthyroidism

+» drugs (e.g. steroids, dopamine)

= assay interference

*NTI

* subclinical hypothyroidism

* poor compliance with thyroxine /

» malabsorption of thyroxine
* drugs (e.g. amiodarone)

= assay interference

* NTI recovery phase

* TSH resistance

» Graves' disease

« toxic multinodular goitre

» tfoxic adenoma

« thyroiditis (post-viral, post-partum)

« drugs (amiodarone); excess iodine intake

= excess thyroxine ingestion

« pregnancy-related (hyperemesis gravidarum;
hydatidiform mole)

= congenital hyperthyroidism

1

U

» autoimmune thyroiditis (Hashimoto's; atrophic)
* post-radioiodine therapy/thyroidectomy

* hypothyoid phase of thyroiditis

« drugs (amiodarone, lithium, TKls, ATDs)

» iodine deficiency or excess

* neck irradiation

* Riedel's thyroiditis

« thyroid infiltration (tumour, amyloid)

= congenital hypothyroidism

«NTI

= central hypothyroidism
« isolated TSH deficiency
= assay interference

» assay interference; FDH

« thyroxine replacement therapy
(including poor compliance)

» drugs (e.g. amiodarone,
heparin)

* NTI (including acute
psychiatric disorders)

* neonatal period

» TSH-secreting pituitary
adenoma

= Resistance to thyroid hormone

* Disorders of thyroid hormone
transport or metabolism

Koulouri et al; Best Pract Res Clin Endocrinol Metab. 2013
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ETA BRUSSELS WELCOME  CONTACT

44th Annual Meeting of the
European Thyroid Association

September, 10-13, 2022

Bozar
Brussels
Belgium

thyroidclub.org



