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Psychosocial

MORBIDITY

▼QUALITY OF LIFE 
in 310 consecutive, unselected

patients with Graves‘ Orbitopathy

(GO)

Kahaly & al., 

American J Ophthalmology 2011;

152: 483-490



PUBLIC HEALTH RELEVANCE 

• N = 680 consecutive subjects

• Indirect costs: ~ 2,762,580,000 € / year

• Direct costs: 159,080,000 € / year

Kahaly & al., J Clin Endocrinol Metab 2013; 98: 145-152



PATHO -

PHYSIOLOGY



SMOKING

HURTS

the EYES

Relative risk 8 for

Proptosis / Diplopia



Biochemistry Serology Thyroid Imaging

TSH TSH-R-Ab Ultrasound

normal Low / suppressed

euthyroidism
fT4↔

fT3↔

fT4↔

fT3↑

fT4↑

fT3↑

subclinical hyperthyroidism T3 toxicosis overt hyperthyroidism

negativepositive

Graves´ hyperthyroidism

other causes of hyperthyroidism:

- toxic adenoma

- toxic multinodular goiter

- subacute thyroiditis

Nodules > 2cm

yes no

isotope scan serology suffices

Kahaly GJ & al., European Thyroid Association Guidelines for the Management of Graves‘ disease. Eur Thyroid J 2018



TSH-R stimulating Ig 

(TSI): biomarker

P < 0.001
Mean ± 2SD
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Kahaly & al. 

JCEM 2010, Thyroid 2011, Ophthalmology 2011, 

Ophthalmology 2012, JCEM 2014, JCEM 2016, 

Clin Exp Immunol 2017, N Engl J Med 2017, 

Ann Intern Med 2020, N Engl J Med 2020, Nature

Reviews Disease Primer 2020, Front Endocrinol

2021, J Autoimmunity 2021, Thyroid 2022



PATHOGENIC ROLE of the MICROBIOME and INNATE (Th17) IMMUNITY 

GUT



INNATE IMMUNITY (Th17) in ORBITAL TISSUE

Multicenter, single-blind, case-control, immunohistochemical study of 
orbital tissue in GO Kahaly & al., Thyroid 2022



MICRO-RNAs 

Regulating Role in 

Th17 / Treg Balance



TSH-R & IGF-1R Expression in Orbital Tissue

Multicenter, single-blind, case-control, immunohistochemical study of orbital tissue in GO                   Kahaly & al., Thyroid 2022



TSH-R
and

IGF-1R
Colocalization

in thyrocytes and

orbital fibroblasts

Tsui & al., J Immunol 2008; 181: 4397



Hyaluronan over-production

IGF-1R
TSH-R

Cell membrane of 

orbital fibroblast

TSH-R-AbTSH
IGF-1

β-arrestin 1
as scaffold between TSH-R/IGF-1R

Kahaly GJ & al.

Pathophysiology of GO

Best Pract Res Clin
Endocrinol Metab 2022



HAS2 mRNA

Hyaluronan

over-production

PI3K

Akt/PKB

mTORC1

Adipogenesis

FOXOs

Orbital tissue 

oedema & expansion

Adenylate cyclase

PKA

CREB

IGF-1R

TSH-R

Cell membrane of 

orbital fibroblast

TSH-R-AbTSH

IGF-1

cAMP

Kahaly & al.

Pathophysiology of Graves‘ orbitopathy

Best Pract Res Clin Endocrinol Metab 2022



Cytokines, chemokines, 

growth factors, adhesion molecules, etc

T cellB cell

TSH-R-Ab

TSH-R/IGF-1R crosstalk

MHC 

class II

T cell 

receptor

TSHR 

peptide

CD40 ligandCD40

ORBITAL 

INFLAMMATORY 

INFILTRATION

CD34+ orbital fibroblast

Fibrocyte

Orbital tissue 

oedema & expansion

Differentiation

Tissue fibrosis

HA/GAG 

over-production 

Adipocytes 

(De novo adipogenesis)

Myofibroblasts

Kahaly GJ & al.

Graves‘ Orbitopathy

DeGroot Textbook of
Endocrinology 2022



JGU ORBITAL Center

THYROID – EYE Clinic

ENT

Psychotherapy Statistics Radiotherapy

Nuclear Medicine Neuroradiology

Multidisciplinary Network



Eur J Endocrinol 2021 Endorsed by the European Society of Endocrinology



Measures Utilized
Clinical Activity 

Score (CAS)

7-item CAS was used

Exophthalmometer

- Proptosis

1 Spontaneous orbital pain

2 Gaze evoked orbital pain

3 Eyelid swelling that is considered to 
be due to active GO

4 Eyelid erythema

5 Conjunctival redness that is 
considered to be due to active GO

6 Chemosis

7 Inflammation of caruncle OR plica

Diplopia Score

0 No diplopia

1 Intermittent, i.e. diplopia in primary 
position of gaze, when tired or 
when first awakening

2 Inconstant, i.e. diplopia at extremes 
of gaze

3 Constant, i.e. continuous diplopia in 
primary or reading position



Untreated GD Persistent 
Hyperthyroidism

Relapse

MMI (CBZ) 
Adults:    18 months

Children: 36 months

- MMI intolerance

- Non compliance

Tx
- Nodules

- Goiter ˃50ml

- Active GO

MMI for

further 12 

months 

Recent onset

(adults & children)
At 18 (36) months

positive TSH-R-Ab
After stopping MMI

Long-term 

low-dose 

MMI 

Then TSH-R-Ab

measurement

Definitive
treatment

RAI

GD: Graves´disease, MMI: methimazole, CBZ: carbimazole, GO: Graves‘ orbitopathy, RAI: radioactive iodine, Tx: total thyroidectomy

or

or

oror

or

negative positive

Personal 

decision

RAI
- Small thyroid

- No / inactive

GO

Stop

MMI

RAI

or Tx

Tx Kahaly GJ & al., 

Guidelines for

Graves‘ disease

Eur Thyroid J 

2018



Clinical SEVERITY Wiersinga & Kahaly, Graves‘ Orbitopathy, 3d Ed. Karger 2017

MILD GO: Lid swelling, minimal upper right lid retraction, minimal proptosis

SEVERE GO: stare, severe lid retraction, proptosis, motility disturbance of 

the right eye with diplopia



Clinical ACTIVITY

Inactive GO. Mild lid swelling (1) and lid retraction left > right (2). CAS 1

Active GO. Lid swelling / redness (1), chemosis (2), swelling of plica

and carunkle (3), conjunctivitis (4): CAS 5. Orbital prolaps of fat tissue (5)

2

1

1

2
3

4
5

Wiersinga & Kahaly, 
Graves‘ Orbitopathy. 
3rd Ed. Karger 2017



THERAPY



EUGOGO GUIDELINES, EJE 2021; 185(4): G43-G67



Marcocci, Kahaly & al., N Engl J Med 2011 

in GO



↑ Nox-2

Oxidative
stress

SELENIUM

Inflammation 
Cytokines: IL-6, IFNγ, IL-1, 

Stimulatory TSH-R-Ab

+

Nox-2 inhibitors

IFNγ
ROS

STEROIDS

Kahaly & al., 

Nature Reviews 

Disease Primer 2020



BENEFICIAL
EFFECTS

ADVERSE
EVENTS

IV vs. oral steroids for active/severe GO

Bartalena, Kahaly, & al., ETA Guidelines for Management of GO, Eur Thyroid J 2016



Genomic pathway

Non-genomic
pathway

STEROIDS

INTRAVENOUS

STEROIDS

steroid-receptor

nucleus

TRANSACTIVATION

Stimulation of antiinflammatory 

genes => production of 

antiinflammatory mediators

modulatable gene

TRANSREPRESSION

Inhibition of proinflammatory 

genes => no transcription => no 

inflammatory mediators

cellular 

membrane

INTRACELLULAR SIGNALING

independent from gene-

interaction

INTRACELLULAR SIGNALING

Interaction with membrane-

bound steroid-receptors

INTRACELLULAR SIGNALING

high concentrations of IV steroids 

induce physiochemical actions 

stabilising the cellular membrane

extracellular space intracellular space=> ATP

membrane-bound 

steroid-receptor

sodium, calcium

Kahaly & al.

Ther Adv Endo 

Metab 2020

0.5 g



Schirmer strips

– Elution

Fractionation with

magnetic beads

(C8, C18, WCX)

Protein extraction from a 

part of the gel slice 
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Kahaly & al., 

Thyroid 2012 

Invest Ophthalmol

Visual Science 2015

JCEM 2015



Proteomics in Graves‘ orbitopathy: IV steroids
decrease upregulation of inflammatory proteins

Kahaly & al.,  J Clin Endocrinol Metab 2015

Orbital Tissue



Kahaly GJ

J Clin Endocrinol Metab, Volume 105, 

Issue 12, December 2020, Pages 3704–

3720 

https://doi.org/10.1210/clinem/dgaa646

Sites of action of novel 

treatments for GO

https://doi.org/10.1210/clinem/dgaa646


Mycophenolate - Rationale

MPA

B cells

T cells
Dual Antiproliferative 

Effect on both B and T cells

Orbital 
fibroblasts

Inhibition of proliferation 

and functions of orbital 

fibroblasts (IL-6, hyaluronan, 

collagen deposition, adipogenesis)

Lee & Kahaly, Eur Thyroid J 2020



Mycophenolate – RCT (EUGOGO Trial)

49%

53%

46%

63%

71%

67%

12 week 24 week Sustained response at 36 week

Response Rate

P = 0.089

P = 0.026*

IVMP (total 4.5g, n = 81)

IVMP + Mycophenolate sodium, MPS 
(360mg BD for 24wk, n = 83)

Overall response defined as ≥ 2 measures of a 
composite index without any deterioration:
1)  CAS by ≥ 2 points
2)  Eyelid swelling 
3)  Proptosis by ≥ 2mm
4)  lid width by ≥ 2mm
5) Improvement of ≥ 8 degrees in EOM motility
6) Improvement in diplopia

P = 0.011*

Kahaly GJ & al. Lancet D&E 2018



EUGOGO GUIDELINES, EJE 2021



I

Optic Neuropathy (MRI)

Intracranial prolapse of orbital adipose tissue

 Optic nerve compression and apical crowding

IV Steroids 750mg 
3x / wk / 2 wk



EUGOGO GUIDELINES, EJE 2021



EUGOGO GUIDELINES, EJE 2021



Hyaluronan over-production

IGF-1RTSH-R

Cell membrane of 
orbital fibroblast

TSH-R-Ab

TSH IGF-1

β-arrestin 1

Teprotumumab - Rationale

Teprotumumab (Anti-IGF1-R mAb) blocks IGF-1R 
& inhibits TSH-R – IGF-1R crosstalk

Gershengorn, Kahaly, & al. 

JCEM 2016, 
Endocrinology 2017, 

Thyroid 2018, 
Endocrinology 2019, 

JCEM 2022
Thyroid 2022



TEPROTUMUMAB FOR 
THE TREATMENT OF 

ACTIVE GO

Douglas, Kahaly & al., 

N Engl J Med 2020;

382:341-352

Douglas RS et al. N Engl J Med 2020;382:341-352

Kahaly GJ & al. 

Lancet DE 2021



Zhang & al. JCEM 2014

• mTOR inhibitor
• Inhibits T / B cell activation

• Antifibrotic effect

SIROLIMUS
for GO



Blocking the TSH-R with 

K1-70 in a Patient with GO

Ryder & al.

THYROID 2021; 31(10): 1597-1602



Orbit

Orbital fibroblast

X

Batoclimab has the potential to provide clinical benefit for GO 

patients by reducing the level of pathogenic IgG anti‐TSHR-Ab

Thyroid

Thyroid 

follicle

X

Batoclimab

↓ IgG autoantibodies

X

X

BatoclimabAnti-TSHR-Ab FcRNTSHR IGF-1R Kahaly & al., 

ENDO 2022



Targeting CD40 
in Graves’ disease

Kahaly & al., JCEM 2020



STATIN Trial

IVMP 4.5g

IVMP 4.5g + atorvastatin  (20mg 
QD / 24 wk)

STATIN group:

 Better overall response at 24wk 

(51% vs 28%) 

 Greater QoL improvement 

 No relapse at 24wk (0% vs 15%)

Lanzolla & al., Lancet D&E 2021



SUMMARY

• AUTOIMMUNE INFLAMMATORY ORBITAL DISEASE

• ASSOCIATED with AUTOIMMUNE THYROID DISEASE 

• TSH-R AUTOANTIGEN / TSH-R-Ab BIOMARKER

• IGF-1R MAJOR PLAYER / CROSS-TALK with TSH-R

 TREAT THYROID DYSFUNCTION

 REFRAIN FROM SMOKING (risk factor) 

 IV STEROIDS (+ Mycophenolate): FIRST-LINE R/

 TEPROTUMUMAB: effective, high costs, US only! 


