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1. targeted therapy
(TKI, protein kinase inhibitors)

2. immuno therapy
Immuno check point inhibitors
(PD-(L)1 and CTLA-4 inhibitors)

3. (anti) humoral therapy
Androgen receptor blockers (2nd generation)



Thyroid toxicity
antineoplastic agents
In uro-oncology




o KIDNEY:
Opdivo® (nivolumab)/Yervoy® (ipilimumab),
Keytruda® (pembrolizumab)/Inlyta® (axitinib),
Opdivo® (nivolumab)/Cabometyx® (cabozantinib)

 BLADDER:
Keytruda® (pembrolizumab), Bavencio® (avelumab)

 PROSTATE:
Erleada® (apalutamide), Xtandi® (enzalutamide), Zytiga® (abirateron)
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Targeted therapy
(TKI, protein kinase inhibitors)




S.DelLeoetal. Annales d’Endocrinologie 84 (2023) 374-381

mainly
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Fig. 1. Main endocrine-related adverse events induced by tyrosine kinase inhibitors. GH: growth hormone; IGF1: insulin-like growth factor-1; ACTH: adrenocorticotropic
hormone.
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Fig. 1. Schematic representation of tyrosine kinase receptors on the cell membrane of tumoral and vascular cells. Their activity is related to the activation or over
activation of the MAP kinase/ERK and PI3K/AKT/mTOR pathways.

* Following sunitinib (2007) treatment, the incidence of (subclinical) hypothyroidism is estimated around:
53-85 % in retrospective studies and 36—71 % in prospective studies

* In 50% transient thyreotoxicosis before the hypothyreodism

» continuous / cyclic administration




Destructive thyroiditis

A. Basolo et al.
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But also in thyroidectomized patients!

Table 1

Number of thyroidectomized patients on L-thyroxine experiencing an increase in
serum TSH above the normal range during TKIs treatment for advanced pro-
gressive thyroid cancer. Data obtained from the cohort of patients followed at
the Endocrinology Unit of the University Hospital of Pisa.

TKI Total TSH elevation (%)
Vandetanib” 79 77 (97)

Ad d ive MTC
vanceq progressive Cabozantinib™* 23 18 (78)

Advanced progressive DTC Lenvatinib™* 93 41 (44)




Effect on deiodinases D1 D2 D3
-> consumptive hypothyroidism

A. Basolo et al. Seminars in Cancer Biology 79 (2022) 197-202
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Fig. 2. Panel A refers to thyroid follicle in physiological condition and consequent TKIs effect leading to destructive thyroiditis with thyrotoxicosis followed by
hypothyroidism.

In panel B physiological mechanism and TKIs effect on D1 and D3 action on thyroid hormones metabolism is represented.

Panel C refers to the physiological mechanism of thyroid hormone transport mediated by MCT8 and heterodimerization of RXr and THr, and effect of TKIs treatment.
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Im

Squamous Cell Head & Neck Cancer Small Cell Lung Cancer
2L after platinum chemo: nivolumab or 1L with chemo: Atezolizumab
pembrolizumab 2L after platinum chemo: nivolumab

1L with platinum chemo- pembrolizumab Non-Small Cell Lung Cancer
Unresectable Stage IlI- durvalumab after chemoradiation
1L pembrolizumab TPS250%
1L non-squamous NSCLC

+ pembrolizumab + pemetrexed & platinum

» atezolizumab + bevacizumab, paclitaxel & carboplatin
1L squamous NSCLC

+ pembrolizumab + carboplatin & (nab-)paclitaxel in
2L pembrolizumab TPS21%
2L atezolizumab or nivolumab

Malignant Melanoma

Adjuvant ipilimumab, nivolumab, or
pembrolizumab

1L ipilimumab, nivolumab, or pembrolizumab
1L combination nivolumab + ipilimumab

Merkel Cell Carcinoma

2L avelumab or pembrolizumab \ -
Cutaneous Squamous Cell Carcinoma

1L cemiplimab

Triple-Negative Breast Cancer
1L atezolizumab + paclitaxel protein-bound PD-L121%

Hepatocellular Carcinoma
2L nivolumab or pembrolizumab after
sorafenib

> Adv. Renal Cell Carcinoma
1L nivolumab plus ipilimumab
2L nivolumab after anti-angiogenic therapy

Gastric & GEJ Carcinoma

2| dMMR or MSI-H: gastric and GEJ

2L pembrolizumab CPS210: esophageal & GEJ
3L pembrolizumab CPS21: gastric

Classical Hodkin Lymphoma
Post-transplant (Auto or Allo) and 2L in
Transplant-ineligible: pembrolizumab
PMBCL

R/R (3L) pembrolizumab

Locally Adv. or Met. Urothelial Cancer

1L pembrolizumab, atezolizumab

1L/2L after platinum salt:

» Pembrolizumab, atezolizumab, avelumab, durvalumab,
or nivolumab

MSI-H or dMMR Cancers
2L nivolumab in CRC
2L nivolumab plus ipilimumab in CRC

2L pembrolizumab in any MSI-H/dMMR cancer

Cervical Cancer
2L pembrolizumab CPS21




Drug Target

Ipilimumab  CTLA-4

Nivolumab PD-1

Pembrolizumab PD-1

Atezolizumab PD-L1

Avelumab PD-L1

Durvalumab PD-L1
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Figure 1. Organs Affected by Immune Checkpoint Blockade.

Postow, NEJM 2018



NEUROLOGIC QEaILAR

Posterior Reversible Encephalopathy

Neuropathy

Guillian-Barre Syndrome

Myelopathy

Autoimmune Encephalitis

Aseptic Meningitis

Myasthenia gravis

+ Transverse Myelitis

+ Non-specific symptoms: headache,
tremor, lethargy, memory disturbance,
seizure

Uveitis
Conjunctivitis
Scleritis, episcleritis
Optic neuritis

RESPIRATORY

Hypertension || | |
Congestive heart failure
ENDOCRINE — I I S
« Hyper or hypothyroidism
+ Hypophysitis

« Adrenal insufficiency
« Diabetes
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« Laryngitis Peripheral ulcerative keratitis
+ Pneumonitis Vogt-Koyanogi-Harada
+ Bronchitis
* Pleuritis _ CARDIOVASCULAR
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. . E S Husebye and others Immune checkpoint 187:6 | G1-G21
Clinical Practice endocrinopathies

Guideline

Endocrine-related adverse conditions in
patients receiving immune checkpoint
inhibition: an ESE clinical practice guideline

Eystein S Husebye!""2, Frederik Castinetti'”’®, Sherwin Criseno*, Giuseppe Curigliano®, Brigitte Decallonne®,
Maria Fleseriu'>7, Claire E Higham?, Isabella Lupi®, Stavroula A Paschou'>', Miklos Toth™,

Monique van der Kooij'? and Olaf M Dekkers‘>"?

Eur J Endocr 2022
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Management of Inmune-Related Adverse
Events in Patients Treated With Immune
Checkpomt Inhibitor Therapy: ASCO
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Bryan J. Schneider, MD?; Jarushka Naidoo, MD%2; Bianca D. Santomasso, MD, PhD?*; Christina Lacchetti, MHSc®; Sherry Adkins, MS®;
Milan Anadkat, MD?; Michael B. Atkins, MD?; Kelly J. Brassil, PhD®; Jeffrey M. Caterino, MD, MPH?®; lan Chau, MD°;

Marianne J. Davies, DNP'!; Marc S. Ernstoff, MD'?; Leslie Fecher, MD'; Monalisa Ghosh, MD*?; Ishmael Jaiyesimi, DO, MS';
Jennifer S. Mammen, MD, PhD!®; Aung Naing, MD®, Loretta J. Nastoupil, MD®; Tanyanika Phillips, MD'¢; Laura D. Porter, MD?’;
Cristina A. Reichner, MD'®; Carole Seigel, MBA'®, Jung-Min Song, MSN, RN, CNS?°; Alexander Spira, MD, PhD?*';

Maria Suarez-Almazor, MD®; Umang Swami, MD??; John A. Thompson, MD?3; Praveen Vikas, MD?*; Yinghong Wang, MDS;

Jeffrey S. Weber, MD, PhD?°; Pauline Funchain, MD?% and Kathryn Bollin, MD2®

J Clin Oncol 39:4073-4126. © 2021




m e ANNALS o
ONCOLOGY

driving innovation in oncology

SPECIAL ARTICLE

Management of toxicities from immunotherapy: ESMO Clinical Practice
Guideline for diagnosis, treatment and follow-up ™

J. Haanen'', M. Obeid®**', L. Spain®®’, F. Carbonnel®?, Y. Wang'®, C. Robert'"*?, A. R. Lyon"*"*, W. Wick'>®,
M. Kostine'’, S. Peters”, K. Jordan'®"® & J. Larkin’’, on behalf of the ESMO Guidelines Committee

Available online 18 October 2022




Table 2. Grades of toxicity.

Grade Description Intervention

] Asymptomatic None

2 Symptomatic Hormone Therapy * steroids
3 Severe Symptoms Hospitalization + steroids

4 Life-Threatening Consequences Hospitalization + steroids

5 Death Hospitalization

usually NO steroids needed



Thyroid side effects

anti-CTLA4 4%

anti PD1 / anti PD-L1 6-9%

combination 10-15%
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Type of ICl therapy

. Anti-CTLA4
15— ~ Anti-PD1 or anti-PDL1
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Wright, Nature Rev Endocr 2021



Cohort of 1246 patients with melanoma

e3708 The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 9
A B
Non-thyroidal illness —j 1
Overall 42 ’
Euthyroid hypothyroxinemia —. 1
CTLA-4— 25 Euthyroid hyperthyroxinemia —] 1
Overt hypothyroidism —- 3
8%
PD-1/PD-L1 _ 38 Subclinical hypothyroidism — 5
Overt lh:.'rulu.\;il:usis- I 12 I
Combination CTLA-4 + PD-1 — 36 31%
~ombumation &L Subclinical thyrotoxicosis — |19
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Figure 1. Incidence and biochemical subtypes of thyroid immune related adverse events following immune checkpoint inhibitor treatment. (A)

Proportion of patients experiencing a thyroid immune-related adverse event by immune checkpoint inhibitor exposure. (B) Patterns and incidence
rates of thyroid dysfunction developing after immune checkpoint inhibitor treatment.

Muir, JCEM 2021
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Figure 2. Kinetics of thyroid stimulating hormone and free thyroxine following immune checkpoint inhibitor treatment. (A) Change in TSH over
time {(mean + SEM) in patients who remained euthyroid during follow-up. (B) Change in FT4 over time in patients who remained euthyroid during
follow-up. (C} Change inTSH over time in patients who developed primary thyrotoxicosis (subclinical and overt) during follow-up. (D) Change in FT4
over time in patients who developed primary thyrotoxicosis during follow-up. (E) Change inTSH over time in patients who developed primary hypo-
thyroidism (subclinical and overt) during follow-up. (F) Change in FT4 over time in patients who developed primary hypothyroidism during follow-up.

TSH, thyroid-stimulating hormone; SEM, standard error of the mean; FT4, free thyroxine.




e Most frequently:
an auto immune destructive thyroiditis starting with a
thyrotoxic phase that progresses to hypothyroidism
which may or may not recover
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Imaging (normally NOT needed)

e Tc uptake scans:
— diffusely reduced uptake (cave: contrast contamination)

e Thyroid US:

— less sensitive and specific, heterogeneous echogenicity
and hypervascularity, suggestive of thyroiditis in the
majority of patients scanned

e FDG PET:

— thyroid avidity was increased at the time of abnormal
thyroid function in 64-100% of cases, supporting an
acute hypermetabolic process




18FDG-PET/CT




e usually without symptoms
o after 3-6 weeks ICI, but 1wk to >1year
e hyperthyroidism: duration 4-6 weeks

e evolution to hypothyroidism,
sometimes with (partial) recuperation

e if overt hypothyroidism: usually lasting
e 30-60% (?): only hypothyroidism!
e if subclinical hypothyroidism (NTI?): usually recovery




Very exceptional

e Graves-Basedow

e Thyroid storm: R/cortico

e Hypothyroid encefalopathy: R/cortico
e Graves orbitopathy: R/cortico




e Routine biochemical tests
— before ICI therapy: TSH, FT4, anti-TPO Ab?
— month 0-6: every 4-6 weeks: TSH, FT4
— month 6-12: every 3 months
— month 12 -...: every 6 months
— 1 month after last cycle

e If symptoms!




Treatment and FU

e Hyperthyroidism:
— symptomatic treatment

— = consultation endocrinology

e if prior suppressed TSH
o if TSHrAb +

— FU: 2-3 wks, cave evolution to hypothyroidism

e Real hypothyroidism:
—anti TPO Ab?

— R/I- thyroxine, 1,5 pg/kg weight (cave age!)
30 min before breakfast

— FU: 2-3 wks




Cave 1

e association with hypophysitis!
— TSH only FU = unreliable: always TSH and FT4!
e secondary hypothyroidism (hypophysitis: other axes)
e hypothyroidism concomitant with adrenal insufficiency!!

— treat adrenal insufficiency first,
before treating thyroid insufficiency (starting with low dose T4)




Cave 2

Sometimes a patient can have a classical thyroid problem,
unrelated to his/her oncologic treatment !!!

— Graves
— Toxic adenoma, toxic MNG
— Hashimoto thyroiditis

- importance of a TSH beforehand (eHealth!)
- importance of TSHrAb for every (lasting) hyperthyroism



patient 62y
metastatic melanoma

e cyclic T3 thyreotoxicosis since 2014
(2014 start TKI, 2015 ICI therapy)

Entten Eerhoil | Reforante |04-12-2018 | 28-09-2018 | 07T 06-2018 | 21-12-2017 | 05-12-2017 | 03-08-2017 | 26-06-2017
16 52 1142 1 6488 aa:1é 11T 10:05 11:13
« RCHILOE KN
T mWL | 027.420 0.0 <001 <001 <001 <001 <001
T4 Vi (S1) omall | 12.00 - 22.00 1713 1877 19 49 17 01 213 v i)
T3 Vi (S1) o 313-678 649 8.67 7.3 875 755 7@
Ans Eryroglabuine As | IUmL « 115 < 10
Ans-TPO As WAL « 3 17 T
A TS H Hecentar s LA s 1.1 « (0.3
« EES LACH TSHOREOMNEN
LM UL 442
FSH UL 712
Estmdal g 28
Progestarane gL ai




Clinical examination: nodule right side the neck
cyclic?: after each PET-CT scan (contrast)?

R/12mCi= 444MBq 1-131 in 2018, since then perfectly euthyroid!!!




When to consult an endocrinologist?

e Hypothyroidism:
— symptomatic (myxedema)
—TSH > 10 mU/I??? Uro/Onco can start T4
— Persistent hypothyroidism
— Low FT4 and nl TSH (cave secondary hypothyroidism)

e Hyperthyroidism:
— Symptomatic
— TSHrAb +: = Graves!
— Low TSH already before ICI (cave toxic adenoma / MNG)

b — Persistent hyperthyroidism (cave Graves or toxic adenoma / MNG)




Continue the ICI treatment??

e grade 1 or 2: ICI therapy can/should be continued
with close follow-up and monitoring TSH and FT4
No treatment with cortisone needed

e grade 3: ICI therapy should be interrupted and
oral prednisolone should be started

e grade 4: ICI should be withheld and therapy with
iv_methyl prednisone should be started and
followed by oral prednisolone




CLINICAL EXAMINATION
*  Autoimmune disease?
* HR, BP

LABORATORY TESTS
+ glucose, electrolytes (Na, K, Ca), TSH, fT4, 8 a.m. cortisol

+
IMMUNOTHERAPY

<~
+

MONITORING

* every drug infusion for 6 months

* every 2-3 months for next 6 months
- —,’,7 Y=~ = every 6 months thereafter

LABORATORY TESTS
* glucose, electrolytes (Na, K, Ca), TSH*, T4, 8 a.m. cortisol*

CLINICAL EXMINATION
* HR, BP (elevation to vertical position)
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Headache
Nausea
Vomiting

Fatigue
Drowsiness
Weight gain

Palpitations
Tachycardia
Arrhythmia

Polyuria
Polydipsia
Weight loss

Paraesthesia
Muscle cramps
Muscle pain

Weakness Constipation Fatigue Hypotension Tetany
Hypotension Oedema Weight loss Weakness Seizure
Fatigue Dry skin Diarrhoea Tachypnoea
Weight loss Hair loss Sweating Nausea

Anorexia Bradycardia Heat intolerance Vomiting

Glucose TSH/fT4 Cortisol
fasting 2126 mg/dL abnormal <5 pg/dL
random 2200 mg/dL /M 5-15 pg/dL**

ADRENAL
INSUFFICIENCY

DIABETES HYPO-
MELLITUS PARATHYROIDISM

THYROID
DYSFUNCTION

* when not on high-dose GCSs, GCSs inhibit ACTH and cortisol, and decrease TSH levels; after discontinuation of GCS, adrenal insufficiency may persist, which would
require further diagnostics and possibly hydrocortisone replacement
** if symptomatic consider SST (peak cortisol <18 pg/dL indicates Al)

Stelmachowska-Banas
Endocrine Connections 2020




New 2nd generation androgen receptor blockers
Erleada® (apalutamide)




patient 76 y, OSAS, prostatic CA
date |weight [TSH |FT4 [FT3 _[Therapy

03/03/2016 thyroidectomy
21/10/2021 112 kg 0,40 22,5 4,8 T4 162,5 ug
29/12/2021 112 kg 0,25 22,8 4,5 T4 162,5 ug

nl 0,545 12-22 3,1-6,7




patient 76 y, OSAS, prostatic CA
date |weight [TSH |FT4 [FT3 _[Therapy

03/03/2016 thyroidectomy
21/10/2021 112 kg 0,40 22,5 4,8 T4 162,5 ug
29/12/2021 112 kg 0,25 22,8 4,5 T4 162,5 ug
04/02/2022 112 kg 19,8 10,8 2,4 T4 162,5 ug
11/04/2022 113 kg 81,7 9,8 2,4 T4 162,5 ug

nl 0,545 12-22 3,1-6,7




patient 76 y, OSAS, prostatic CA
date |weight [TSH |FT4 [FT3 _[Therapy

03/03/2016 thyroidectomy
21/10/2021 112 kg 0,40 22,5 4,8 T4 162,5 ug
29/12/2021 112 kg 0,25 22,8 4,5 T4 162,5 ug
04/02/2022 112 kg 19,8 10,8 2,4 T4 162,5 ug
11/04/2022 113 kg 81,7 9,8 2,4 T4 162,5 ug
19/10/2022 113 kg 73,3 10,1 3,1 T4 275 ug

nl 0,545 12-22 3,1-6,7




e Compliance = ok

e Correct intake, 30 min before breakfast
e No intake of Fe, calcium, ....

e Stable weight

e Around that time: start Erleada®
(apalutamide) for his prostatic CA



Apalutamide —»" Darolutamide —s 7@'

v Enzalutamide —0:7
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Fig. 2 The proposed acting mechanism of enzalutamide, apalutamide, and darolutamide. All images have been drawn from Servier Medical Art,
licensed under Creative Commons Attribution 3.0 Unported License. AR, androgen receptor

Pyrgidis, Hormones 2021



Ja I'lSSEI'lMD“E Professional Information Resource

ERLEADA - Hypothyroidism

SUMMARY

« Apalutamide may induce UDP-glucuronosyltransferase (UGT).} Because thyroid hormone (T4) is metabolized by UGCT, induction of UGT may
cause faster metabolism and clearance of T4 with subsequent increases in thyroid-stimulating hormone (TSH) 2

¢ In SPARTAN, the phase 3 study in patients with non-metastatic castration-resistant prostate cancer (nmCRPC; N=1207), at the final analysis of
overall survival (OS), which occurred after a median follow-up of 52 months, hypothyroidism was reported as an adverse event (AE) in 9.8% of
patients in the ERLEADA group, 2.0% of patients in the placebo group, and 3.9% of patients in the crossover group. All were grade 1 or 2. The
incidence of hypothyroidism with event rate per 100 patient-years of exposure were 51,2 2, and 2 2 in the ERLEADA, placebo, and crossover
groups, respectively.® 4 Safety results, including hypothyroidism, were also previously reported in the second interim analysis for 0S5

¢ InTITAN, the phase 3 study in patients with metastatic castration-sensitive prostate cancer (mCSPC; N=1052), hypothyroidism was reported
as an AE for 6.5% of patients in the ERLEADA group vs 1.1% of patients in the placebo group. All were grade1or2.%




I
"CE? Table3  Apalutamide approval trials and reported endocrine and metabolic side effects of interest. Adverse events were assessed with the Common Terminology Criteria for Adverse Events (CTCAE) of
UE' the National Cancer Institute (VCI). ADT, androgen deprivation therapy; ECOG, Eastern Cooperative Oncology Group performance status; mHSPC, metastatic hormone-sensitive prostate cancer;
] nmCRPC, non-metastatic castration-resistant prostate cancer
Study Study design Eligibility criteria Intervention Median follow-up  Endocrine and metabolic side effects
(months)
Active arm (%) Control arm (%)
All Grades  All Grades
grades 3-5 grades 3-5
TITAN [32] Active, ongoing, multicenter, = mHSPC ADT + 240 mg apalutamide 22.7 Hypertension 18 8 16 9
(n=1052) duub]t:—b]ind, placebo-controlled, + ECOG: 0-1 once daily (n =525) vs. Hypothyroidism 0 D 0
randomized phase 3 study ADT + placebo (n =527) Skin rash >3 6 5 1
SPARTAN [26]] Active, ongoing, multicenter, = High-risk nmCRPC ~ ADT + 240 mg apalutamide 203 Hypertension 25 14 20 12
(n=1207) dm:})]t:—b]ir‘lld, l[:]act:bu-czntm]]t:d, « ECOG: 01 once daily (nb: 806) vs. Hypothyroidism @ 0
randomized phase 3 study ADT + placebo (n =401) Skin rash 5
Weight loss 16 1 6
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- median time rise TSH: 113 days
- pre-existing hypothyroidism: more susceptible: worsening was observed in 30%




apalutamide

e Apalutamide may induce UDP-glucuronosyltransferase (UGT).

e Because thyroid hormone (T4) is metabolized by UGT, induction
of UGT may cause faster metabolism and clearance of T4 with
subsequent increases in thyroid-stimulating hormone (TSH).

Pathways of Thyroid Hormone Metabolism
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Usuallly minor problem (subclinical hypothyroidism)

Important problem in patients with limited functional thyroid
tissue!!!

e eg after (hemi)thyroidectomy

e eg terminal phase Hashimoto thyroiditis

These persons have
no / very limited compensatory potential !!!!




patient 76 y, OSAS, prostatic CA
date |weight [TSH |FT4 [FT3 _[Therapy

03/03/2016 thyroidectomy
21/10/2021 112 kg 0,40 22,5 4,8 T4 162,5 ug
29/12/2021 112 kg 0,25 22,8 4,5 T4 162,5 ug
04/02/2022 112 kg 19,8 10,8 2,4 T4 162,5 ug
11/04/2022 113 kg 81,7 9,8 2,4 T4 162,5 ug
19/10/2022 113 kg 73,3 10,1 3,1 T4 275 ug
28/11/2022 113 kg 36,1 16,4 3,8 T4 300 ug
27/01/2023 113 kg 32,8 17,8 3,2 T4 325 ug

nl 0,545 12-22 3,1-6,7




Patient education

if Erleada has to be stopped, (even temporarily), then
the thyroxine dosage should be reduced immediately!

+ urgent contact endocrinologist.



patient 76 y, OSAS, prostatic CA
date |weight _[TSH [FT4 |FT3 _ [Therapy

03/03/2016 thyroidectomy
21/10/2021 112 kg 0,40 22,5 4,8 T4 162,5 ug
29/12/2021 112 kg 0,25 22,8 4,5 T4 162,5 g
04/02/2022 112 kg 19,8 10,8 2,4 T4 162,5 ug
11/04/2022 113 kg 81,7 9,8 2,4 T4 162,5 ug
19/10/2022 113 kg 73,3 10,1 3,1 T4 275 ug
28/11/2022 113 kg 36,1 16,4 3,8 T4 300 ug
27/01/2023 113 kg 32,8 17,8 3,2 T4 325 g
08/02/2023 Stop Erleada
20/03/2023 111 kg 20,4 19,2 4,0 T4 162,5 ug
10/08/2023 111 kg 1,02 21,8 4,1 T4 162,5 ug

nl 0,545 12-22 3,1-6,7




Taking home messages

o It is always useful/advisable to have from time to time
an educational staff meeting with departments that
have “common grounds”

e Make with them clear arrangements about these
common endocrine pathologies:
frequency of tests, when to refer, how to treat, etc

e Cave: patients with limited functional thyroid tissue

b e Keep an eye on endocrine side effects of new drugs!
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