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1. ABBREVIATIONS 

 
ACR-TIRADS: American College of Radiology Thyroid Imaging Reporting and Data System 

ACTH: adrenocorticotropin 

AI: artificial intelligence 

ATA: American Thyroid Association 

AVP: arginine vasopressin 

BMI: body mass index 

CI: confidence intervals 

CT: computed tomography 

DA: dopamine agonists 

EU-TIRADS: European Thyroid Imaging Reporting and Data System 

FNA: fine-needle aspiration 

FSH: follicle-stimulating hormone 

FDG PET: 18F-fluorodeoxyglucose positron emission tomography 

GH: growth hormone 

GHRH: growth hormone releasing hormone 

HR: hazard ratio 

IGF-1: insulin-like growth factor 1 

IGF-BP: insulin-like growth factor binding protein 

K-TIRADS: Korean Thyroid Imaging Reporting and Data System 

LC-MS: liquid chromatography mass spectrometry 

LH: luteinizing hormone 

LLN: lower limit of normal 

MEN: multiple endocrine neoplasia 

MRI: magnetic resonance imaging 

NF: non-functioning 

NFPA: non-functioning pituitary adenoma 

OGTT: oral glucose tolerance test 

PET-CT: positron emission tomography computed tomography 

Pit-NET: pituitary neuroendocrine tumor 

ROM: rate of malignancy 

ROSE: rapid on-site evaluation 
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RSS: risk stratification system 

SD: standard deviation 

SDS: standard deviation score 

SMR: standardized mortality ratio 

SRL: somatostatin receptor ligand 

TIRADS: Thyroid Imaging Reporting and Data System 

TSH: thyroid stimulating hormone 

ULN: upper limit of normal 

US: ultrasound 

WHO: World Health Organization 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

7 

 
 
 
 

 
2. ACKNOWLEDGMENTS 

 

I would like to express my deepest gratitude to Prof. Sophie Leboulleux for being a source 

of inspiration, motivation and continuous support, that were fundamental for the 

realization of this work. 

 

I am also grateful to  

Prof. Jacques Philippe, Prof. Philippe Chanson, Prof. Alain Golay, Prof. François 

Jornayvaz for their valuable guidance 

Prof. Shahan Momjian, Prof. Frédéric Triponez, Dr Marco Demarchi, Dre Essia Saiji, Dr 

Claudio de Vito, Dr Eugenio Fernandez as well as all the medical and nursing staff of my 

department, for their precious collaboration  

Dr Patrick Meyer and Prof. Agathocles Tsatsoulis who inspired me to study endocrinology 

The Fond National Suisse (FNS) and Fond de Département des Spécialités de Médecine 

(DMIG/DSM) of Geneva University Hospital for the funding  

My parents for their ongoing support and perpetual encouragement 

 

 

 

Finally, this work could not have been accomplished without the love and unfailing support 

of my family, my husband Manos and our son Yiannis. This memoire is dedicated to them. 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

8 

 

  



 
 

 
 

9 

 

 

 
3. SUMMARY 

 

Pituitary adenomas are benign tumors that are diagnosed incidentally during imaging 

performed for other reasons, or due to symptoms related to local compression, hormonal 

hypersecretion or hypopituitarism. While surgery is the treatment of choice for growth-

hormone (GH) – secreting, adrenocorticotropin (ACTH) – secreting and thyrotropin (TSH) -

secreting pituitary adenomas, the main indication for surgery of a clinically non-functioning 

adenoma (NFPA) is visual impairment or threat. However, hypopituitarism in patients with 

NFPA is increasingly recognized as a relative indication for surgery. 

   Growth hormone disorders (acromegaly and GH deficiency) are assessed using growth 

hormone (GH) and Insulin Growth factor (IGF-1) levels measurement. Therefore, IGF-1 

reference normative values are essential for diagnosis, treatment efficacy evaluation and 

follow-up.  

   Thyroid nodules are found in up to 50% of the adult general population but only 5 to 10% 

are malignant. Their management aims at recognizing malignancy, based on ultrasound risk 

stratification scores and molecular tests of thyroid cytology. However, diagnostic procedure 

has limitations, resulting in unnecessary fine-needle aspiration (FNA) cytology and 

unnecessary surgery in a considerable number of patients. 
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4. GENERAL CONSIDERATIONS: 

Frequent endocrine tumors in clinical practice (pituitary adenomas, thyroid nodules) 
 

Pituitary adenomas, or pituitary neuroendocrine tumors (pit-NETs) are more frequent than 

they were believed to be in the past and are often discovered as incidentalomas due to the 

wider use of imaging. While surgery is first-line treatment for clinically functioning pit-NETs, 

except for prolactinomas which are treated medically, surgery is indicated for non-functioning 

pituitary adenomas (NFPAs) mostly in case of visual defects due to compression of the optic 

nerves or imminent visual threat. Hypopituitarism because of a non-functioning (NF) 

macroadenoma has traditionally been considered as only a relative indication for surgery. 

However, the benefits of surgery for pituitary function in the absence of visual impairment are 

currently recognized based on clinical cohorts showing frequent recovery of hypopituitarism 

with surgery. Furthermore, diagnosis and follow-up of patients with growth hormone (GH) 

disorders (acromegaly, GH-deficiency) by means of insulin-like growth factor 1 (IGF-1) levels 

are often complex, due to the variability of IGF-1 measurement among different commercial 

immunoassays. Thus, several studies have focused on the standardization of IGF-1 assays 

and the elaboration of age- and sex-specific reference normative data for IGF-1 with easier 

calculation of standard deviation (SD) scores. 

   Thyroid nodules are the most frequent endocrine tumor in clinical practice with a prevalence 

of > 50% in imaging series, and with a 5-13% malignancy rate when discovered incidentally. 

Ultrasound (US) risk stratification scores (RSS) help stratify malignancy risk, based on the 

presence of high-risk features but have low reproducibility and specificity, leading to 

unnecessary fine-needle aspiration (FNA) procedures. FNA cytology specimens can also be 

non-diagnostic (Bethesda III or IV) and despite their low malignancy rates, current guidelines 

suggest diagnostic thyroid lobectomy. Refinement of US RSSs, quantitative evaluation of 

unnecessary surgery rates as well as real-life cost-effectiveness studies for molecular testing 

of thyroid cytology are the first steps towards improvement in the management of patients with 

thyroid nodules. 
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5. PITUITARY ADENOMAS 

 
a. Introduction 

 
i. The pituitary gland 
The pituitary gland (hypophysis), located in the sella turcica of the cranial base, is a small 

endocrine organ responsible to produce hormones that control growth, energy balance 

and metabolism, reproduction, response to stress, lactation, as well as water and sodium 

balance. It is divided into the anterior lobe (adenohypophysis) and the posterior lobe 

(neurohypophysis). The anterior lobe produces adrenocorticotropin (ACTH), which 

stimulates the adrenal cortex for cortisol and androgen production, thyroid-stimulating 

hormone (TSH), which stimulates the thyroid gland for thyroid hormone production, growth 

hormone (GH), responsible for growth and different aspects of metabolism, gonadotropins 

(follicle-stimulating hormone – FSH and luteinizing hormone – LH), which stimulate 

gonads, and prolactin, which is essential for lactation (Figure 1). The posterior lobe serves 

as storage for antidiuretic hormone or arginine vasopressin (AVP) and oxytocin, produced 

by the hypothalamus. The pituitary gland communicates with the hypothalamus, receiving 

stimulating and inhibitory signals through the pituitary stalk. Neighboring anatomic 

structures are the optic chiasm, and sphenoid sinuses, comprising cranial nerves (Figure 

2) 1.  
   Adenomas are the most frequent affection of the pituitary gland and are of benign nature, 

while infiltrative disease or tumors with more aggressive potential are rare2,3. Pituitary 

adenomas are characterized as microadenomas if their larger diameter is less than 10 mm 

and macroadenomas if their larger diameter is at least 10 mm in size. In addition, they can 

be non-functioning or cause clinically significant symptoms in case of hormonal 

hypersecretion. Thus, pituitary adenomas can be totally asymptomatic if they are of small 

size and non-functioning4. On the contrary, larger adenomas can cause symptoms by 

impairing pituitary hormonal production (hypopituitarism) through compression of normal 

pituitary cells or of the pituitary stalk, as well as symptoms related to the compression of 

adjacent structures such as the optic chiasm and nerves (visual field defects or visual 

acuity impairment), the cavernous sinus (oculomotor nerve palsies) and meninges 

(headaches)5. Clinically functioning pituitary adenomas, whether they are microadenomas 

or macroadenomas, induce symptoms related to the excessive production of pituitary 

hormones (acromegaly, Cushing’s disease etc.). Diagnosis of pituitary adenomas can thus 
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be incidental (incidentalomas), can be made because of symptoms of hormonal deficiency 

or excess, or can be driven by compression symptoms, mostly visual problems4,5. Finally, 

macroadenomas can sometimes present with symptoms of apoplexy, due to hemorrhage 

or infraction, including sudden headaches, visual defects or meningeal irritation. 

 

 

 
 

Figure 1: Main hormones produced by the anterior (ACTH, TSH, FSH and LH, PRL, GH) 

and the posterior (AVP) pituitary and their target organs (Created in BioRender) 

 

 
 

Figure 2: Normal anatomy of the sellar and parasellar regions surrounding the pituitary 

gland, coronal (left) and sagittal views (right) (Reproduced from Di Ieva A. et al. Nat Rev 

Endocrinol 2014;10(7);423-35 1)  
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ii. Subtypes and epidemiology of pituitary adenomas 

The term pituitary neuro-endocrine tumors (pit-NET) has recently been suggested as more 

precise than the term pituitary adenomas 6.  

   Upon diagnosis, classification among different subtypes is based on symptoms and 

signs related to hormonal excess. Hormonal workup in blood and urine confirms differential 

diagnosis between clinically functioning and non-functioning pituitary adenomas. Pit-NETs 

are thus classified as prolactinomas (excess prolactin production which should be 

differentiated from mild hyperprolactinemia due to stalk compression), clinically non-

functioning adenomas, somatotroph adenomas (GH secretion causing acromegaly), 

corticotroph adenomas (ACTH secretion, Cushing’s disease), and rarely, clinically 

functioning gonadotroph and mixed adenomas6.  

   However, histological examination of the tumor can detect adenomas with positive 

immunohistochemical staining to pituitary hormones even if there is no proof of clinically 

relevant hormonal secretion in the circulation and no symptoms related to hormonal 

excess; this qualifies a pit-NET as clinically silent. In addition, the wider use of transcription 

factors in immunohistochemistry evaluation, mainly PIT-1, TPIT, SF1, has led to a better 

classification of pit-NETs according to cell lineage 6,7. Pit-NETs are thus classified as PIT-

1-lineage pit-NETs (among which somatotrophs, lactotrophs and thyrotrophs), TPIT-

lineage pit-NETs (corticotrophs), SF1-lineage pit-NETs (gonadotrophs), and pit-NETs 

without distinct cell lineage (pluri-hormonal and null cell) 6. 

   The prevalence of pituitary adenomas in autopsy series reaches 10%, still, most of them 

are very small and clinically irrelevant and 39% are non-functioning. Imaging series find a 

higher prevalence of about 22.5% but the majority are also microadenomas 8-10. Recent 

populational studies find higher prevalence rates than older series. A British registry found 

a prevalence of 78 pituitary adenomas per 100 000 inhabitants among which 57% were 

prolactinomas, 28% non-functioning, 11% growth-hormone producing adenomas, 2% 

corticotropin producing adenomas and 2% of unknown functional status 11. Non-

functioning pituitary adenomas were the most common subtype in men (57%) and 

prolactinomas, the most common subtype in women (76%) in this registry. In patients 

younger than 60 years old, prolactinomas were the most prevalent subtype (60%) while 

older patients had mostly non-functioning tumors (61%) 11. Another registry from Iceland, 

including files between 1955 and 2012, found a higher prevalence rate of 116 cases per 

100 000 inhabitants and somewhat similar distribution among subtypes, with 

prolactinomas being the most prevalent in the general population and mostly among 

women and younger patients while non-functioning adenomas were the most frequent in 

men and older individuals 12. Interestingly, this study found increasing incidence rates with 
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time and mostly of non-functioning adenomas and authors argue that this cannot be 

attributed only to the wider use of imaging techniques 12. 

 

iii. Treatment of functioning pitNETs: a brief overview 

Except for prolactinomas, which are managed medically with dopamine agonists, first line 

treatment for functioning pit-NETs is surgery 13. 
 

GH-secreting adenomas  

Acromegaly is mainly caused by growth hormone secreting pituitary adenomas 

(somatotroph or GH-secreting adenomas) while ectopic production of GH or growth-

hormone releasing hormone (GHRH) is extremely rare 14. Recent populational studies 

have shown that prevalence of acromegaly is higher than it was previously believed to be 

while a German registry has found a prevalence as high as 1 case per 1000 inhabitants 
11,15-17. GH exerts its anabolic effects on muscle and bone to stimulate growth and its 

metabolic effects on adipose tissue (lipolysis) and the liver (gluconeogenesis). Anabolic 

effects on muscle and bone are mostly mediated by IGF-1, which is either produced by 

GH in the liver (circulating IGF-1) or in the target tissues (paracrine effect), while GH 

metabolic effects on adipose tissue and the liver are mainly direct 14,18. Due to GH and 

IGF-1 excess, patients with acromegaly suffer from acral enlargement and coarse 

features, sweating and headaches, carpal tunnel syndrome, arthritis, impaired glucose 

tolerance or diabetes, hypertension, obstructive sleep apnea, colon polyps and cardiologic 

complications such as valve disease and cardiomyopathy 18,19. Acromegaly is thus 

associated with decreased survival and causes of death in older series are mainly 

cardiovascular and respiratory complications, while hypertension and diabetes also seem 

to participate in decreased survival rates 20,21. Treatment of acromegaly improves 

prognosis reaching that of healthy general population as GH levels approach normal 

range; good biologic control of the disease is thus necessary 22,23. Recent studies, such as 

the French Acromegaly Registry, have demonstrated improved disease control over time 
24. A Swedish Registry showed a decrease in mortality over time, and mortality was mainly 

due to circulatory disease and malignancy 25. Recent studies also show increased cancer 

risk in acromegaly patients, and this is possibly related to improved management and 

prolonged survival over time 26. 

   Transsphenoidal surgery is the first line treatment in acromegaly 18. In case of failure to 

achieve biologic control with surgery alone, medical treatment is indicated 18. However, 

surgery is useful even if complete tumor resection is improbable, since surgical debulking 

is associated to higher rates of biologic control with medical treatment 27. Medical treatment 

in acromegaly is performed mainly with somatostatin receptor ligands (first generation: 
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octreotide, lanreotide, or second generation: pasireotide) or the GH-receptor antagonist 

pegvisomant 18,28. Dopamine agonists, which are first-line treatment for prolactinomas can 

also be used in selected cases, if GH excess is mild 18,28. Somatostatin receptor ligands 

(SRL) and dopamine agonists have central actions on the level of the pituitary adenoma 

causing direct inhibition of GH secretion and thus, indirect inhibition of IGF-1 production in 

the liver 29. First generation SRL octreotide and lanreotide offer biologic control of 

acromegaly in 40-50% of patients as well as >20% reduction in adenoma volume in > 50% 

of patients 30-32. Still, 50% of patients do not reach biochemical control 33. Second 

generation SRL pasireotide offers biochemical control of 20% of patients who were not 

controlled with first generation SRL, as well as >20% reduction in adenoma volume in 80% 

of patients but often results in hyperglycemia and diabetes that can sometimes be difficult 

to control 34,35. SRL are administered in the form of monthly injections, but oral octreotide 

has recently been approved by the FDA and has been shown to maintain biochemical 

control in patients previously controlled by injectable SRL 36. GH receptor antagonist 

pegvisomant, which is administered in the form of daily subcutaneous injections, acts by 

blocking the GH receptor and directly inhibits IGF-1 secretion 29. It has thus no action on 

adenoma volume but offers biochemical control in 65-80% of patients 37,38. Combined 

treatment of SRL and pegvisomant seems to be the most effective in achieving 

biochemical control in acromegaly 39. Finally, radiotherapy, either fractionated or 

stereotactic radiosurgery, can be considered if medical treatment is ineffective or not 

tolerated and while biochemical control is latent, it is achieved in 75% of patients after 10 

years 40. 
 

ACTH-secreting adenomas 

ACTH-secreting pituitary adenomas (corticotroph adenomas, Cushing’s disease) 

represent the most frequent cause of endogenous Cushing’s syndrome (60-70%), followed 

by Cushing’s syndrome of adrenal origin (20-30%) while ectopic causes are rare (5-10%) 
41. Diagnosis is made in most cases because of symptoms and signs of cortisol excess, 

such as facial plethora, purple wide striae, skin atrophy and easy bruising, central obesity, 

supra-clavicular fat pads, ‘buffalo hump’, proximal muscle wasting, or because of 

complications related to cortisol excess including thrombo-embolic disease, osteoporosis 

and pathologic fractures, frequent infections, peptic ulcer, neuro-psychiatric morbidity such 

as depression and anxious disorders, as well as metabolic complications (diabetes, 

hypertension and cardio-vascular morbidity). Cushing’s disease is a rare disease with an 

estimated incidence of 1.2-2.4 cases / million / year, while it is more frequent in women 

than in men with a pic at 25-45 years of age 42,43. Cushing’s syndrome is associated with 

increased mortality, and hazard ratio for all-cause mortality in Cushing’s disease is 2.3 
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(95% CI 1.7-3.0), mostly due to infections, cardio-vascular and thrombo-embolic events 44. 

In addition, biologic cure decreases mortality rates without normalizing them and excess 

mortality seems to persist in patients with remission (HR: 1.9, 95% CI 1.5-2.3) 45. 

   First line treatment of Cushing’s disease is surgery with selective transsphenoidal 

adenomectomy by an experienced neurosurgeon. However, complete resection of the 

corticotroph adenoma is not always easy as ACTH-producing adenomas as frequently 

very small in size while pituitary MRI is normal in 25-40% of cases despite biologic 

confirmation of a pituitary cause of Cushing’s syndrome. Thus, identification of the 

adenoma often requires surgical exploration of the pituitary gland and para-sellar region. 

Remission rates after surgery are high (60-80%), still, 5-20% of patients will relapse, 

among which 50% in the first 5 years after surgery 46,47. In these cases, a second surgery 

can be considered if there is a visible and non-invasive residual or relapsing adenoma. 

However, medical treatment is often required. 

   Medical treatment for Cushing’s disease is performed with pituitary targeting agents, 

such as the second generation SRL pasireotide or with adrenal targeting agents. Among 

adrenal targeting agents, the oral steroidogenesis inhibitor osilodrostat, which has been 

approved and widely commercialized in 2020, has shown the best efficacy rates with more 

than 75% of patients normalizing mean 24h-urine free cortisol in clinical trials 48,49. Other 

older adrenal targeting molecules include ketoconazole and metyrapone, but their use is 

currently decreasing in clinical practice due to lower efficacy and longer half-life. Patients 

require long-term follow-up to ensure control of hypercortisolism and related complications 

and to detect and treat potential relapse. Pituitary radiotherapy, either fractionated or 

stereotactic radiosurgery can be considered in inoperable or recurrent Cushing’s disease 

with a 50-83% remission rate achieved between 6 months and 3 years, but with high risk 

of hypopituitarism 50. Finally, bilateral adrenalectomy can be an option in refractory cases 

of severe, life-threatening hypercortisolism. 
 

Prolactinomas 

Prolactin secreting adenomas are the only pituitary adenomas not requiring surgery as 

first line treatment. They respond well to dopamine agonists (DA) cabergoline, 

bromocriptine and quinagolide. Cabergoline is the most widely used dopamine agonist, 

due to its longer half-life that does not require daily administration, as well as to its increase 

efficacy rates compared to the other DA 51.  

   Clinical manifestations of prolactinomas include symptoms related to prolactin excess 

such as hypogonadism, infertility and galactorrhoea but also compressive mass effects 

(visual defects, hypopituitarism, headaches) in patients with large tumors. Goals of 

treatment with DA in patients with prolactinomas thus include normalization of prolactin 
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levels which will restore gonadal function and stop galactorrhoea in women but also tumor 

shrinkage 52. 

   Treatment with oral DA has high efficacy rates and prolactin normalizes in 76% of 

patients treated with bromocriptine and 89% of patients treated with cabergoline 53. Other 

studies have reported prolactin normalization and tumor shrinkage with cabergoline in 80% 

of patients with macroprolactinomas and 95% of patients with microprolactinomas 53. Still, 

resistance to DA, defined as failure to achieve normal prolactin levels and ³ 50% of tumor 

size decrease is reported in 10-20% of patients treated with cabergoline 54-56. Surgery is 

indicated in these cases as well as in patients with DA intolerance, such as nausea and 

vomiting, headaches, dizziness or compulsive behaviour, even though side effects are 

rare with cabergoline 51,52. 

 

iv. Treatment of non-functioning pitNETs: effect of surgery on pituitary function 
 

Surgery for non-functioning pituitary adenomas is indicated in case of visual defects due 

to compression of the optic nerves or chiasm but also in case of visual threat if imaging 

shows proximity or direct contact with the tumor 13. Whether the presence of 

hypopituitarism should be an indication for surgery or not has been controversial. Still, 

recent studies, have shown that surgery performed for non-functioning macroadenomas 

by experienced neurosurgeons more frequently improves pituitary function than 

deteriorates it. To examine the potential benefit of surgery in patients with NFPAs and no 

visual impairment one should evaluate the growth potential of these tumors, complications 

of surgery, impact of hypopituitarism, whether due to tumor itself or postoperative, as well 

as the effect of surgery on pituitary function in different studies. Finally, prognostic factors 

of new pituitary dysfunction and improvement, by hormonal axis, are important to guide 

decision making. 

   Growth rates in NF-pitNETs that did not have surgery generally depend on reasons of 

diagnosis (incidental or not), clinical presentation (asymptomatic or symptomatic) as well 

as their size upon diagnosis (microadenoma or macroadenoma) 57-59. Microadenomas 

rarely grow during follow-up and only 5% of them become macroadenomas, while growth 

velocity is estimated at 0.4 mm/year 60. On the other hand, macroadenomas have a higher 

growth potential and 20-60% of them will grow during a 2-7 years follow-up 61. Growth 

velocity for macroadenomas is estimated at 1 mm / year and those in contact with the optic 

chiasm will more frequently grow (73% vs 29%) 61-63. Still, some studies have shown a 

spontaneous decrease in volume of NF macroadenomas, which could be partially 

attributed to subclinical apoplectic events 61,62. Imaging characteristics as well as 

proliferation markers (Ki67, p53, mitosis count) in histological examination after surgery 
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have also been associated with growth potential 64. For those NF macroadenomas that 

have not been subject to surgery, risk for new pituitary dysfunction is estimated at 12% 

per year and risk of apoplexy at 1% per year (10% throughout follow-up) 61,62,65,66. 

   Serious complications of transsphenoidal surgery for NFPAs are rare but non-negligible. 

Mortality rates are £ 1% while other serious complications such as meningitis, 

cerebrospinal fluid leakage, persistent arginine vasopressin deficiency (previously named 

central diabetes insipidus) and visual impairment appear in £ 5% of cases 67. Surgical 

transsphenoidal techniques, endoscopy and miscroscopy, seem to be equivalent in terms 

of complication rates and postoperative pituitary function but there has been no 

prospective direct comparison between them 68-71. In addition, postoperative results, 

regarding size of residual tumor, seem to be superior if surgery for a growing NFPA is 

performed earlier, before the appearance of symptoms 72,73. 

   Patients with NFPAs have increased morbidity and mortality rates and this is due either 

to the adenoma itself or to surgical treatment. Results from a Swedish registry including 

2975 patients with NFPAs, among which 52% had surgery, have shown a small but 

significant increase in mortality with a standardized mortality ratio (SMR) or 1.10 (95% CI: 

1.00-1.20), which was more important in patients younger than 40 years of age (SMR: 

2.68, 95% CI: 1.23-5.09) and in women (SMR: 1.29, 95% CI: 1.1-1.48) 74. Causes of death 

were mostly cerebrovascular and infectious diseases 74. A British registry including 546 

patients who had surgery for NFPA and with a median follow-up of 8 years showed 

increased mortality with SMR of 3.5 (95% CI: 2.8-4.4) while causes of death were 

cardiovascular, infectious and oncologic 75. In this registry, patients who were diagnosed 

after the age of 50 had increased mortality (hazard ratio: 1.1, 95% CI 1.07-1.13, p<0.001) 

and there was no impact of hypopituitarism on mortality 75. Hypopituitarism per se also has 

an impact on mortality rates. Treatment of central adrenal insufficiency with 

supraphysiologic doses of glucocorticoids has been associated with increased mortality 

as was untreated growth hormone deficiency and insufficient treatment of central 

hypothyroidism 76-79. Mortality also seems to increase with the number of deficient 

hormonal axis, being higher in patients with panhypopituitarism 78. In summary, data show 

higher mortality rates in patients with NFPAs, whether they had surgery or not, while the 

most systematically accounted risk factors are female gender and treatment of central 

adrenal insufficiency with supraphysiologic doses of glucocorticoids 79. 

   Studies evaluating the impact of transsphenoidal surgery on pituitary function have 

examined the risk of new pituitary insufficiencies, the probability of recovery from 

preoperative hormonal deficits, as well as risk factors for worsening or improvement of 
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pituitary function with surgery. However, most studies have performed a more global 

evaluation and separate data by hormonal axis are scarce. 

   Two small studies from Spain and the USA, published before 2000, have found 35% and 

33% of recovery of at least one axis after surgery respectively 80,81. The Spanish study has 

shown that the ACTH axis was the most fragile to the negative effects of surgery, while 

the American study showed that 22% of patients had new hormonal deficiencies after 

surgery with risk factors being larger adenoma size and preoperative hypopituitarism 80,81. 

In 2004, a German cohort including 660 patients, showed the best results with only 4% 

new postoperative deficiencies, and more than 40% recovery, which was more frequent in 

patients with tumors smaller than 3 cm and preoperative hyperprolactinemia 82. High 

recovery rates with surgery were also shown in a study from the US including 160 patients 

with NFPAs, among which 55% had improvement or complete normalization of pituitary 

function which could occur several months after surgery (median time of recovery was 

12.2 months) 83. 

   The fact that improvements of pituitary function can occur 6-12 months after surgery in 

some patients has also been shown in a French and Belgian cohort including 246 patients 

with NFPAs, among which 80% had hypopituitarism at baseline 84. The percentage of 

patients with hypopituitarism dropped to 69% at 3 months and 61% at 1 year. Fifty percent 

of patients with preoperative hypopituitarism had improved pituitary function in 1 year. 

Hyperprolactinemia at diagnosis and smaller tumors were predictive of better outcomes in 

terms of pituitary function in this cohort 84. 

   Recent cohorts provide more information of new deficiencies and recovery by hormonal 

axis but have contrasting results. In two studies from the USA including 209 and 305 

patients who had transsphenoidal surgery for NFPAs, new ACTH-deficiency was found to 

be the rarest event (9.7%) in the first study and the most frequent event (6%) in the second 

study 85,86. Furthermore, ACTH-deficiency had the higher recovery rate (44.3%) in the first 

study but the lowest (3%) in the second 85,86. 

   A study from Geneva University Hospital including 137 patients who had surgery for 

NFPAs, showed a 25% improvement and 7% worsening of global pituitary function 

postoperatively and provided detailed information about the effects of surgery on each 

different hormonal axis separately, with clear biologic definition of deficiencies and 

stratification of patients who did not have proper screening or dynamic testing 87. In this 

cohort, the ACTH axis was found to be the most fragile, with 9.6% new deficiencies, while 

the TSH axis was found to be the most resistant with only 1.6% new postoperative 

deficiencies. New hormonal deficiency of at least one axis was found in 10% of patients 

and recovery of at least one axis was shown in 46% of patients with growth hormone 
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deficiency and central adrenal insufficiency being the most and least probable to recover. 

High prolactin levels before surgery were associated with higher recovery rates 87. 

   The finding that preoperative hyperprolactinemia can predict recovery of pituitary 

dysfunction with surgery has been consistent in several studies, among which the French 

and Belgian cohort and the Geneva cohort 84,87. A possible explanation could be the fact 

that patients with preoperative hyperprolactinemia have hypopituitarism due to 

compression of the pituitary stalk, rather than destruction of anterior pituitary cells, with 

resolution of the compression effect after surgery 88.  

   The largest cohort reported so far was a Swedish registry including 838 patients who 

were operated for a NFPA 89. One year after surgery, 23% had new ACTH-deficiency while 

26% of patients with preoperative ACTH-deficiency recovered. Recoveries in the TSH and 

FSH / LH axis occurred in 14% and 15% of patients while new deficiencies for these axes 

were shown in 22 and 29% of patients respectively 89. Contrary to previous studies, the 

Swedish registry showed somewhat lower recovery rates than new deficiencies. Still, this 

is probably related to the nature of the cohort that did not include only expert surgeons. 

   Taken together, studies on the effect of transsphenoidal surgery for NFPAs show low 

pituitary function worsening rates, while several patients experience recovery of at least 

one axis 90. Preoperative hyperprolactinemia seems to be a marker predicting 

improvement of pituitary function with surgery. Thus, hypopituitarism can be considered 

as a relative indication for surgery in patients with non-functioning pituitary 

macroadenomas and no visual impairment or threat.  

 

 

v. Diagnosis and follow-up of growth-hormone disorders (acromegaly, growth-hormone 

deficiency) by means of IGF-1 measurement 
 
IGF-1 measurement has been traditionally used for the diagnosis and follow-up of 

acromegaly, in association with GH (random or after oral glucose tolerance test – OGTT). 

The Endocrine Society 2014 Guidelines suggest using GH levels after OGTT and IGF-1 

levels for diagnosis as well as IGF-1 levels and random GH as a therapeutic efficacy target 
18. However, there is a recent shift towards relying mainly on IGF-1 levels, with the 2024 

Consensus Statement suggesting the use of GH measurements to confirm diagnosis only 

if IGF-1 results are equivocal, while follow-up relies exclusively on IGF-1 monitoring 91. For 

growth-hormone (GH) deficiency, the 2016 Endocrine Society Guidelines for the treatment 

of hypopituitarism and the more recent American Association of Clinical Endocrinologists 

and American College of Endocrinology guidelines for GH deficiency diagnosis and 

treatment, recommend establishing diagnosis of adult GH deficiency based on low IGF-1 
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levels in patients with organic disease and at least 3 pituitary hormonal deficiencies or the 

presence of genetic defects known to affect the GH axis, without the need of GH dynamic 

testing, while follow-up on GH treatment relies mainly on IGF-1 values 92,93. 

   However, there is considerable variability among different commercial methods for IGF-

1 measurement, which impacts patient classification to normal, low or high IGF-1 levels, 

and influences diagnosis of GH disorders (acromegaly, GH-deficiency) and follow-up of 

treatment efficacy 94. Variability is observed among different assays but also on the same 

assay performed by different laboratories 95. Such variability is explained by pre-analytical 

conditions, analytical conditions related to the characteristics of each assay, but also 

normative reference values suggested by each assay and laboratory as well as the 

population from which they have been derived. 

   One source of analytical variability of IGF-1 assays is related to the type of calibrator 

used and the 2011 WHO consensus statement on standardization and evaluation of GH 

and IGF-1 assays suggests standardization against the same calibrator, 02/254, a 

recombinant international IGF-1 standard preparation 96,97. Other reasons explaining 

analytical variability include antibodies sensitivity and specificity as well as differences 

among methods used to remove IGF-1 binding proteins that can interfere with the 

measurement 98,99.  

   Still, even if analytical variability is minimized, for example even if the same international 

calibrator is used, IGF-1 results differ among immunoassays. Several studies show that 

this is mainly related to the fact that reference normative values are obtained from different 

populations 100. The WHO consensus statement of IGF-1 assays standardization 

recommends obtaining normative values from a healthy reference population with 

representation of all age groups 97. However, differences in the inclusion criteria of 

individuals among different populations result in differences among obtained normative 

values. Indeed, IGF-1 levels vary with age and sex, increasing significantly during puberty, 

especially in men, then declining quickly during the 2nd and 3rd decade, then more slowly 

thereafter. IGF-1 levels also vary with BMI, hormonal treatments, diabetes, and renal and 

hepatic function, and thus different normal values are obtained depending on the way the 

reference population has been chosen. In addition, the distribution of IGF-1 raw values in 

a given population is not Gaussian, and for calculation of standard deviation scores 

(SDSs), it is necessary to perform a transformation to a normal, Gaussian, distribution.  

   Conforming to the 2011 Consensus statement for GH and IGF-1 assay standardization, 

an international multicenter study, obtained and published, in 2014, age- and sex-specific 

reference IGF-1 values for iSYS (Immunodiagnostic Systems), an automated 

immunoassay 97,101. The study included 15 041 healthy subjects from the United States, 

Europe and Canada, from birth to 94 years of age, and showed a progressive increase of 
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IGF-1 during childhood with a peak around 15 years, then a progressive decline, as well 

as slightly lower IGF-1 values in women 101. 

   In 2016, the VARIETE cohort aimed to establish normal reference IGF-1 values for 6 

widely used commercial immunoassays for the adult French general population 102. 

Following the 2011 recommendations, 911 healthy adults, with representation of all age 

groups, were included, in a cross-sectional manner, from 10 French centers 102. Subjects 

had a detailed medical history and clinical examination and were enrolled after exclusion 

of medications and conditions that influence IGF-1 levels. The cohort finally included 

approximately 100 subjects per age decade, and sex- and age- specific normal values 

were calculated. Since the distribution of IGF-1 values is not Gaussian, age- and sex- 

specific curves were normalized with Cox-Box power transformation and normative 

reference values ranging from percentile 2.5 to percentile 97.5 were obtained. A calculator 

for SDS was also issued. Still, even though they were obtained from the same healthy 

reference population, concordance of reference IGF-1 values among methods was 

moderate to good. Women were found to have higher IGF-1 values than men, with all 6 

immunoassays, until the age of 50, then lower, which is possibly due to the exclusion of 

individuals receiving oral estrogens known to reduce IGF-1 levels. Finally, there was poor 

concordance between reference intervals obtained by the study and those proposed by 

each kit manufacturer, which highlights the importance of defining reference normative 

values from a well-defined large population, including all age groups 102. 

   The application of normative reference values obtained with the VARIETE study for the 

classification of patients with GH disorders was further tested in a cohort of 102 patients 

(56 patients with acromegaly, 14 patients with GH deficiency and 32 patients with 

suspected GH disorder) 103. In each patient, IGF-1 values were measured with all 6 assay 

kits that were included in the VARIETE study and pairwise concordance between the 

assays were calculated both for IGF-1 raw data and SD scores. Still, even though 

normative data were obtained from the same large, healthy, well calibrated population, 

concordance between assays remained variable, especially for IGF-1 levels close to the 

normal range. These findings support the fact that patient follow-up is ideally performed 

with the same assay, or at least with assays sharing the same analytical characteristics103. 

   Differences in IGF-1 normative data have also been observed between different 

ethnicities. Indeed, a large population-based study including more than 1.4 million 

individuals from Europe and the United States (USA) that had IGF-1 measurements with 

the iSYS assay has found significant differences in age-specific normative reference 

values, with the US population having higher upper limit of normal (ULN) levels by 15-20% 

compared to European population 104. This finding further complexifies the definition of 

reference values with wider utility.  
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   Variability in patient classification to low, normal or high IGF-1 categories is not a major 

issue upon diagnosis of patients with acromegaly (when symptoms and signs are helpful 

for confirmation) but becomes a significant clinical problem after surgery, as it complexifies 

the identification of patients who remain incurred and would benefit from a medical 

treatment as well as for treatment titration during follow-up. In patients treated with 

somatostatin receptor ligands (SRLs), IGF-1 is higher just before the next injection and 

variability among IGF-1 values is higher in patients with uncontrolled acromegaly 105. 

   IGF-1 can also be measured with liquid chromatography tandem mass spectrometry 

(LC-MS) methods, which give normative values that resemble those obtained with 

immunoassays 106-108. Nevertheless, LC-MS methods are more expensive and more 

complex to calibrate than immunoassays and variability is not significantly improved 

compared with immunoassays 107,108. 

   In conclusion, difficulties in recognizing limitations of IGF-1 measurement assays can 

lead to inappropriate therapeutic decisions. In order to minimize variability, laboratories 

should prefer immunoassays calibrated against the WHO 02/254 international standard 

and carefully choose adequate methods for binding protein elimination. Clinicians must be 

familiar with the specific characteristics of the assays used in their practice and implement 

age- and sex-specific reference normative values derived from large healthy populations, 

also taking into account the variability of IGF-1 levels in an individual patient. Therapeutic 

decisions in patients with slightly increased IGF-1 levels whether for treatment initiation or 

titration, must also consider the patient’s clinical picture and the impact of the above 

changes on quality of life. 
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b. Publications 
 

i. The impact of transsphenoidal surgery on pituitary function in patients with 
non-functioning macroadenomas 

 

Non-functioning pituitary adenomas (NFPAs) are the second most frequent subtype of 

pituitary adenomas after prolactinomas in the general population, and the most common 

subtype in men and older adults. While NFPAs with a size < 10 mm (microadenomas) will 

rarely grow and require management, those with a size ³ 10 mm (macroadenomas) tend to 

progress and cause hormonal insufficiencies from pituitary dysfunction, as well as visual 

impairment from optic chiasm compression. According to guidelines, transsphenoidal surgery 

for NF macroadenomas is indicated mainly in case of visual impairment or threat and 

preoperative hypopituitarism is only considered a relative indication. Surgery itself can be the 

cause of new postoperative hormonal insufficiencies and specific predictors of improvement 

or worsening of pituitary function have not been identified.  

   The objective of this study was to describe the impact of transsphenoidal surgery on pituitary 

function in patients with NF macroadenomas and search for predictors of postoperative 

recovery of hormonal production or new deficiencies, by axis. 

   We reviewed files from 310 consecutive transsphenoidal surgeries performed from March 

2004 to January 2018 from the same experienced surgeon and included 137 patients with NF 

macroadenomas with median tumor size of 24.8 mm. Before surgery, 58.4% of patients had 

visual impairment and 67% had at least one hormonal axis defect with central hypogonadism 

being the most frequent. After surgery, 46% of patients showed recovery of at least one 

hormonal axis with growth hormone deficiency and central adrenal insufficiency being the 

most and least probable to recover, respectively (45.5% and 15.4%). Only 10% of patients 

had new deficiency in at least one hormonal axis, with ACTH production being the most fragile 

(9.2%) and TSH production the most resistant (1.6%) to the effects of surgery. Men and 

patients with high prolactin levels preoperatively were more likely to recover from 

hypopituitarism with surgery while no prognostic factors for new hormonal deficiencies were 

found.  

   This real-life cohort of patients who had transsphenoidal surgery for NF macroadenoma in 

a tertiary center shows that postoperative recovery of pituitary function is more frequent than 

the appearance of new hormonal deficiencies, thus, pituitary dysfunction can be considered a 

relative indication for surgery. 
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ii. Reference values for IGF-1 serum concentrations: comparison of six 
immunoassays (VARIETE Study) 

 

Reliable results of IGF-1 measurement are essential for diagnosis and follow-up of patients 

with growth hormone (GH) disorders, either acromegaly or GH deficiency. However, 

commercially available immunoassays give considerably different results for the same 

sample even if consensus recommendations for standardization and evaluation of IGF-1 

assays are followed. Inter-assay variability is due to calibration against different IGF-1 

standards and different methods for IGF-bind proteins (IGFBPs) removal. In addition, 

normal values for IGF-1 are very difficult to establish since they depend on age, sex, BMI, 

estrogen or testosterone replacement treatments, renal and liver function as well as the 

presence of metabolic disease mostly diabetes mellitus. Thus, different normal values are 

suggested by different fabricants for each assay, but also by different laboratories using 

the same assay. 

   The VARIETE Study (VAleurs de Référence de l’IGF-I Et Transformation En z score) 

was a cross-sectional multicenter study with the objective to establish reference values for 

six widely used immunoassays (iSYS, LIAISON XL, IMMULITE, IGFI RIACT, Mediagnost 

ELISA and Mediagnost RIA) in a healthy French population. The study included 911 adults 

(18-90 years, 470 males), with approximately 100 subjects per decade, from 10 French 

centers. Inclusion was done after a thorough medical history, clinical examination and 

biological check-up, to exclude individuals with medications or health problems influencing 

IGF-1.  

   Since IGF-1 raw values distributions are non-Gaussian, they were normalized with Box-

Cox power transformation, then, age- and sex-specific curves were established, by means 

of the LMS method (L: skewness, M: median, S: coefficient of variation) to allow percentile 

and standard deviation scores (SDS) calculation. Normal reference values (age- and sex-

specific) ranged from percentile 2.5 to 97.5. A formula for SDS calculation for each assay, 

using the name of the assay, raw IGF-1 value, sex and age, was provided, and is available 

online, with the aim to facilitate patient classification. 

   For all six assays, IGF-1 levels were found to be significantly higher in women until the 

age of 59, then were slightly higher in men but not significantly for all assays. Lower limits 

of defined normative values were similar among all 6 assays but there was considerable 

variability in upper limits. Pairwise correlation between assays were evaluated and were 

found to be moderate to good (0.38-0.70). Overall agreement was moderate (Kappa 

coefficient: 0.55). Correlation with reference values provided by each manufacturer were 

poor. 
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   The VARIETE Study showed that even when obtained in the same healthy population, 

reference normative IGF-1 values vary among six widely used immunoassays, which show 

moderate to good concordance. These findings suggest that IGF-1 monitoring in each 

patient should ideally be performed with the same assay. Age- and sex-specific reference 

normative values should be obtained in a large healthy population and calculation of SDS 

for classification of IGF-1 levels to normal, low or high levels can only be performed after 

normalization of raw data distribution. 
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iii. Classification of patients with GH disorders may vary according to the IGF-1 
assay 

 

Diagnosis and follow-up of GH disorders (acromegaly, GH-deficiency) relies on accurate 

IGF-1 measurement. However, commercially available assays provide different IGF-1 

results as well as different patient classification to normal, low or high IGF-1 levels, which 

further complicates management. This variability in IGF-1 values among different assays 

persists even if the same international calibrator, suggested by the WHO consensus, is 

used, and mainly results from the fact that IGF-1 varies with age, sex and BMI and from 

the differences among reference populations used to establish normative data. The 

VARIETE Study, previously described aimed to establish age- and sex-specific, normative 

IGF-1 values, for 6 widely used IGF-1 immunoassays (iSYS, Liaison XL, Immulite 2000, 

IGF-1 RIACT, Mediagnost ELISA, Mediagnost RIA), using a well-chosen healthy adult 

population. The study provided normal reference values for each one of these assays as 

well as a formula for SD score calculation, yet, showed moderate to good agreement 

between methods. 

   The reference normative data issued from the VARIETE study were further tested for 

the classification of patients with GH disorders in this cross-sectional study. Altogether 102 

patients were included (56 patients with acromegaly, 14 patients with GH deficiency and 

32 patients with suspected GH disorder). For each individual patient, IGF-1 levels were 

measured at a specific time point (either upon diagnosis or during follow-up) with the 6 

assays included in the VARIETE study, while 6 patients had several IGF-1 measurements. 

Pairwise comparisons between assays were made both for raw data and SD scores and 

were illustrated with scatter plots and Bland-Altman plots. Pairwise concordances were 

also calculated by means of weighted κ coefficient; the best concordance was between 

Mediagnost RIA and iSYS with a 0.81 κ coefficient (excellent agreement) and the worst 

concordance between iSYS and Liaison XL with a 0.50 κ coefficient (moderate 

agreement). Concordance between assays was better for low and high IGF-1 values, while 

for normal IGF-1 values, concordance was moderate to poor. 

   In this study, since the reference normative values for IGF-1 were obtained from the 

same healthy population after careful exclusion of confounding factors and given that the 

preanalytical procedure was identical, it is surprising that concordance among 

immunoassays remains variable. This can be explained by the differences in epitope 

specificity as well as the differences in the elimination of IGF-binding proteins, the latter 

being particularly important in patients with acromegaly, associated with higher levels of 

IGF-BP3. 
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   In conclusion, even if reference values of IGF-1 provided by the same large healthy 

population are used, commercially available IGF-1 immunoassays show variable 

agreement for the classification of patients with GH disorders, especially for values close 

to the normal range. Performance characteristics of each immunoassay, such as the 

tendency to give higher or lower IGF-1 values than other assays are an important 

knowledge for the clinician. The follow-up of each patient needs to be performed with the 

same immunoassay, or at least with assays that share similar characteristics. 
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6. THYROID NODULES 
 
a. Introduction 

 
i. Epidemiology and classification of thyroid nodules 

Thyroid nodules are frequent in the adult general population, and their prevalence is higher 

in women and increases with age 109,110. The exact prevalence varies in different studies, 

according to ethnicity and iodine status but is mostly related to detection method (autopsy, 

imaging, palpation) 111. Autopsy and ultrasound series report a prevalence of thyroid 

nodules as high as 60%, while palpation series find a prevalence of 3-6%  109,111-113. A 

recent meta-analysis including 102 epidemiological studies, estimated a total prevalence 

of thyroid nodules of 24.83% (95% CI 21.44-28.55) in the adult general population 

including all detection methods 114.  

   Thyroid nodules are increasingly recognized as incidentalomas due to the expanding 

use of imaging, such as ultrasound (US), computed tomography (CT-scan), magnetic 

resonance imaging (MRI) and positron emission tomography computed tomography (PET-

CT) 115,116. Still, most thyroid nodules are of benign nature and remain asymptomatic, while 

10-13% regress spontaneously 117-119. 

   Malignancy rates of incidentally discovered nodules are estimated at 5-13% 118,120,121. 

Malignancy rate is however higher for hypermetabolic thyroid incidentalomas in 18F-

fluorodeoxyglucose PET (FDG-PET), calculated at 34.8% in a systematic review including 

more than 50,000 individuals with thyroid hypermetabolism on FDG-PET 122.  

   Among malignant thyroid nodules, 90% are well-differentiated thyroid carcinomas (75% 

papillary and 15% follicular carcinomas) and have an excellent prognosis, while more 

aggressive subtypes (oncocytic, medullary, anaplastic) are rare 123. 

   The incidence of thyroid cancer is steadily increasing, and this is most probably related 

to the increased detection rates of thyroid incidentalomas and papillary thyroid 

microcarcinomas 124. However, papillary thyroid microcarcinomas defined to the thyroid 

gland are indolent tumors associated with no excess mortality if they do not present with 

lymph node involvement and distant metastasis and with a 0-5% recurrence rate in meta-

analysis 125,126. 

   Thus, the diagnostic process of thyroid nodules must consider and weight the expected 

benefits of medical procedures including surgery with the disadvantages of overdiagnosis, 

patient anxiety and treatment related morbidity. 
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ii. Diagnostic procedure and management of patients with thyroid nodules 

Upon diagnosis of a thyroid nodule, decision making must consider the circumstances of 

discovery, medical history and clinical examination findings 127-129. Thus, rapid growth of a 

cervical mass, personal history of neck irradiation or whole-body irradiation for bone 

marrow transplant, especially during childhood, and family history of thyroid cancer or 

multiple endocrine neoplasia (MEN) syndromes should lead towards faster screening 

aiming to exclude malignancy. In addition, patient who present with a hard non-mobile 

neck mass, compression symptoms, enlarged cervical lymph nodes or vocal cord paralysis 

must be managed promptly due to increased probability of malignant thyroid neoplasm 
129,130.  

   The next step after clinical evaluation and history taking is the determination of the 

thyroid nodule functional status by means of TSH measurement 127,129. If TSH is low, which 

supports the diagnosis of hyperthyroidism, thyroid scintigraphy is indicated to determine if 

the nodule is hot (autonomous or hyperfunctioning) or cold. Autonomous thyroid nodules 

(hot nodules) are almost always benign while cold nodules necessitate ultrasound (US) 

evaluation for risk stratification 127,129. 

   Several US risk stratification systems (RSS) are available, such as the American College 

of Radiology Thyroid Imaging Reporting and Data System (ACR-TIRADS), the European 

TIRADS (EU-TIRADS), the American Thyroid Association RSS and the Korean TIRADS 

(K-TIRADS), while an International TIRADS is being prepared  127,131-135. Their objective is 

to offer a systematic evaluation of suspicious ultrasound features and thus stratify the 

malignancy risk of thyroid nodules. The clinician can thus select those nodules that need 

to have fine needle aspiration (FNA) cytology.  

   The EU-TIRADS RSS is the most widely used in Europe in its 2017 version, while a 2023 

update is available 127,132. According to EU-TIRADS, the presence of any high-risk features 

on ultrasound (marked hypo-echogenicity, irregular margins, microcalcifications, non-oval 

shape) classifies a nodule in the highest risk category (EU-TIRADS 5). If none of those 

high-risk features is present, a nodule is classified as EU-TIRADS 4 if moderately hypo-

echoic, as EU-TRADS 3 if iso-echoic or hyper-echoic and as EU-TIRADS 2 if anechoic or 

entirely spongiform. Thyroid FNA is indicated if an EU-TIRADS 5 nodule is larger than 10 

mm in diameter. Size cut-offs for FNA for EU-TIRADS 4 and 3 nodules are > 15 mm and 

> 20 mm respectively, while FNA is not indicated for EU-TIRADS 2 nodules 127 (Table 1). 

   FNA cytology specimens are categorized according to the Bethesda System for 

reporting thyroid cytology in 6 categories: Bethesda I (non-diagnostic, with a ROM of 5-

20%),  Bethesda II (benign, with a ROM of 2-7%), Bethesda III (atypia of undetermined 

significance, with a ROM of 13-30%), Bethesda IV (follicular neoplasm, with a ROM of 23-
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34%), Bethesda V (suspicious for malignancy, with a ROM 67-83%), and Bethesda VI 

(malignant, with a ROM 97-100%) 127,136. While surveillance is suggested for nodules that 

are found to be benign on FNA cytology (Bethesda II), surgery is indicated for Bethesda V 

and VI nodules. For categories Bethesda III (confirmed twice) and IV, FNA cytology is 

considered non-diagnostic or indeterminate and management is more complex, with 

diagnostic lobectomy being the recommended option 127,129. Still, due to the low ROM of 

these categories, most of Bethesda III or IV thyroid nodules, are found to be histologically 

benign after surgery. 

 

 

 
Table 1: Ultrasound classification of thyroid nodules according to the EU-TIRADS system 

with size cut-odds for FNA and rates of malignancy (ROM) 

 

 

 

iii. Limitations in risk stratification of thyroid nodules and unnecessary procedures 

US RSS exhibit high sensitivity but low specificity. In a 2020 meta-analysis of 12 studies 

including 18 750 nodules that had FNA with the diagnosis of malignancy being confirmed 

by surgery, found sensitivities of 87% for the ATA RSS, 86% for the K-TIRADS, 74% for 

the ACR-TIRADS and 54% for the EU-TIRADS, while specificities were 31%, 28%, 64% 

and 53% respectively 137. In a prospective study including 477 cases and evaluating the 

performance of different RSSs according to the rate of avoided unnecessary FNAs, the 

ACR-TIRADS RSS performed the best, classifying 53.4% of FNAs as unnecessary with a 

false negative rate as low as 2.2% 138. 

   Rate of malignancy (ROM) in the EU-TIRADS RSS is close de 0 for EU-TIRADS 2 

nodules, 2-4% for EU-TIRADS 3, 6-17% for EU-TIRADS 4 and 26-87% for EU-TIRADS 5 
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nodules (Table 1) 132. The wide ROM range in the EU-TIRADS 5 category (EU-TIRADS 

2017) is related to low inter- and intra-observer reproducibility in assessing high-risk US 

features, and the definition of malignancy, either pathology, or cytology, in studies 139. 

Reproducibility of RSSs also seems to be higher for high- and intermediate- suspicious 

nodules and worse for low-suspicious nodules 140. The number of high-risk signs present 

for a nodule to be classified as EU-TIRADS 5 also helps to stratify ROM 140. Thus, it would 

be helpful to have more reproductible RSSs for thyroid nodules with improved specificity 

in the high-suspicion categories, to better select nodules for FNA and avoid unnecessary 

procedures.   

   Various artificial intelligence (AI) software for thyroid ultrasonography are currently 

developed. Their objective is to optimize characterization of high-risk ultrasound features 

(marked hypo-echogenicity, microcalcifications, irregular margins, non-oval shape) and 

thus improve objectivity and precision 141,142. Most AI software use static US images while 

some use video clips. A 2022 meta-analysis including 25 studies showed a sensitivity of 

88% and specificity of 81% of AI-assisted diagnostic techniques for diagnosis of malignant 

versus benign nodules. AI-assisted thyroid US tools show similar diagnostic performance 

with expert clinicians and seem to particularly benefit the non-expert ultrasonographist, 

still, real-life utility and cost-effectiveness have not yet been proved 143,144. 

   Thyroid nodules with indeterminate results on FNA cytology (Bethesda III and IV) 

represent 10-40% of FNA procedures in literature and carry a ROM of 13-30% and 23-

34% respectively 136. As previously cited, guidelines recommend diagnostic lobectomy for 

those nodules with non-diagnostic FNA cytology, leading to a considerable number of 

unnecessary surgeries. If cancer is proved on final histology after lobectomy in these 

patients, and depending on staging and histological characteristics, some patients will 

need second surgery for completion thyroidectomy that could also be avoided if initial 

diagnosis was more precise. In a real data cohort from Geneva University Hospital 

(publication 4) including 1010 nodules in 862 patients subjected to FNA, unnecessary 

surgery, defined as surgery for indeterminate cytology with final benign histology or two-

steps total thyroidectomy, was performed in more than half of patients who had surgery 

for a Bethesda III or IV nodules on FNA cytology. In this cohort, there were 174 (17.2%) 

Bethesda III and 168 (16.6%) Bethesda IV thyroid nodules but only 36% and 74% of them 

had surgery 145. Final histology yielded benign results in 81% and 76% of operated 

Bethesda III and IV nodules respectively. Still, not all those surgeries could be considered 

unnecessary since some patients would have had surgery in any case because of local 

symptoms due to the size of the nodule. After excluding patients with local compressive 

symptoms, the rate of unnecessary surgery due to final benign histology was 53.5% for 
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Bethesda III and 64.9% for Bethesda IV nodules and unnecessary surgery due to two-step 

total thyroidectomy was 1.9% and 3.5% respectively 145. 

   Several preoperative molecular tests, among which the most widely studied ThyroSeq, 

and Afirma, have also been developed with the aim to assist selection of nodules with non-

diagnostic FNA cytology (Bethesda III and IV) for surgery 146-148. Molecular tests exhibit 

high specificity and negative predictive value which renders them valuable to use to rule-

out malignancy and avoid unnecessary surgery. In a randomized clinical trial including 372 

nodules with indeterminate cytology and comparing an RNA test (Afirma genomic 

sequencing classifier) with a DNA-RNA test (ThyroSeq v3 multigene genomic classifier), 

both tests showed high specificity (80% and 85% respectively) and high negative 

predictive value (100% and 99% respectively) for the diagnosis of malignancy and allowed 

49% of patients to avoid diagnostic surgery 147. Molecular tests are considered cost-

effective in the US but despite their benefit for the individual patient, they are not covered 

by health insurance in Europe. Their cost-effectiveness remains to be proved in real-life 

settings and ideally considering the fact that not all patients with non-diagnostic FNA 

cytology will undergo surgery as suggested by current guidelines and that overtreatment 

could be an issue if every patient with a positive molecular test will have surgery. 
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b. Publications 
 

Unnecessary thyroid surgery rate for suspicious nodule in the absence of 
molecular testing 

 

Diagnostic evaluation and management of patients with thyroid nodules has limitations 

related to the insufficient specificity of ultrasound risk stratification scores that lead to 

unnecessary fine-needle aspiration (FNA) procedures. After FNA, cytology results are 

indeterminate (Bethesda III and IV), in 10-40% of patients. Rate of malignancy (ROM) in 

these non-diagnostic categories is 13-30% for Bethesda III nodules and 23-34% for 

Bethesda IV nodules and current guidelines recommend diagnostic lobectomy for those 

patients, which leads to unnecessary surgery. 

   We conducted a real data retrospective study including 1010 nodules in 862 patients 

(640 female) with a mean age of 54.2 years who had FNA cytology with rapid on-site 

evaluation (ROSE) between January 2017 and December 2021 in the endocrinology and 

radiology division of Geneva University Hospital. 

    In this cohort, 17.2% of nodules (n=174) were classified Bethesda III on FNA cytology 

and 16.6% (n=168) were classified Bethesda IV. Indeterminate cytology results concerned 

thus 33.8% of nodules that had FNA. Despite current recommendations for diagnostic 

lobectomy, only 36% of patients with Bethesda III nodules and 74% of patients with 

Bethesda IV nodules had surgery. Among nodules subjected to surgery because of non-

diagnostic FNA cytology, 81% of Bethesda III nodules and 76% of Bethesda IV nodules 

were benign in histology. However, not all those could be considered unnecessary since 

some patients would have had surgery due to the presence of local compressive 

symptoms. In addition, some patients with non-diagnostic cytology and histology proved 

malignancy had subsequent second surgery for completion total thyroidectomy. After 

excluding patients who also had surgery because of local compressive symptoms, 

unnecessary surgery defined as final benign histology or two-step total thyroidectomy was 

performed in 56% of patients with Bethesda III nodules (54% final benign histology, 2% 

two-step total thyroidectomy) and 69% of patients with Bethesda IV nodules (65% final 

benign histology and 4% two-step thyroidectomy). 

   In this real-life cohort of thyroid nodules subjected to FNA cytology and without the aid 

of molecular testing, unnecessary surgery was performed in more than half of patients with 

non-diagnostic cytology (Bethesda III and IV).  
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7. CONCLUSIONS AND PERSPECTIVES 
 

Management of patients with endocrine tumors of the pituitary and the thyroid gland is 

challenging, also related to their increased recognition with imaging in current practice. There 

is uncertainty concerning relative indications for surgery while biologic and imaging markers 

are imperfect. 

 

Pituitary adenomas 
 

Pituitary neuroendocrine tumors (pitNETs), previously named pituitary adenomas, appear to 

be more frequent than believed to be in the past and are increasingly recognized as 

incidentalomas. They are benign tumors but increase morbidity if they are clinically functioning 

(prolactinomas, GH-secreting adenomas causing acromegaly, ACTH-secreting adenomas 

causing Cushing’s disease, TSH-secreting adenomas), if they cause hypopituitarism by 

compressing the normal pituitary cells or stalk, or if they are large enough to compress 

adjacent structures causing visual impairment or headaches 6,13. Clinically non-functioning 

pitNETS (NFPAs) are the second most frequent tumor in the general population, and most 

frequent among men and older adults 11,12. 

   While surgery is the first-line treatment for functioning pit-NETs, follow-up is generally 

suggested for patients with NFPAs who do not present visual impairment or imminent visual 

threat due to close proximity of the tumor with optic nerves and chiasm13. The fact that 

hypopituitarism could be considered as a relative indication for surgery in these patients has 

always been controversial and real data were lacking. Recent studies have shed light on 

different aspects that must be evaluated to answer this question, among others the natural 

history of non-functioning macroadenomas, complications of transsphenoidal surgery, 

morbidity and mortality of hypopituitarism (tumor-related or postoperative) and the risk of 

hypopituitarism after surgery. 

   Non-functioning pituitary macroadenomas have a higher growth potential than 

microadenomas, with a growth velocity of 1 mm / year, while those being close to optic chiasm 

will more frequently grow, and rate of new pituitary dysfunction has been estimated at 12% 

per year 62,66. Serious complications of transsphenoidal surgery are rare in expert hands but 

still not negligible, impacting £ 5% of cases 67. Furthermore, patients with NFPAs have 

increased mortality compared to the general population, unrelated the occurrence of surgery, 
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which is more pronounced in women and patients treated for central adrenal insufficiency with 

supra-physiologic doses of glucocorticoids 79. 

   Several studies have also demonstrated limited risk of new hormonal deficiencies after 

transsphenoidal surgery for non-functioning pit-NET, while several hormonal axes recover 

with surgery. However, while one-center cohorts from tertiary academic centers, among which 

the Geneva cohort show higher chances of recovery than risks of new pituitary deficiencies 

with surgery, data from the Swedish registry, the larger cohort reported so far, show somewhat 

higher rates of new hypopituitarism, which could be related to the inclusion of neurosurgeons 

without specific expertise on pituitary surgery 80-89. Furthermore, data on rates of new 

deficiencies and recovery in an axis-specific manner are inconsistent. Finally, the most 

systematically found marker predicting recovery after transsphenoidal surgery was the 

presence of preoperative hyperprolactinemia, which possibly means that hypopituitarism in 

these cases is more related to reversible stalk compression rather than destruction of normal 

pituitary cells 88. Future studies should be performed in larger series with better biologic 

definition of deficiencies based on systematic patient screening and dynamic testing whenever 

indicated, and with the objective to provide data on rates of new hormonal impairment and 

recovery by axis. Challenges also include the identification of markers predicting recovery or 

new hormonal deficiency also in an axis-specific manner.   

 

Accurate IGF-1 measurements are fundamental for the diagnosis and follow-up of patients 

with growth hormone disorders (acromegaly, GH-deficiency). Unfortunately, considerable 

variability exists among different commercially available immunoassays, and even among 

different laboratories using the same assay 94,95.To address this problem, the WHO consensus 

statement for GH and IGF-1 assay standardization recommends the use of the same calibrator 

(02/254, a recombinant international IGF-1 standard preparation) for calibration of all IGF-1 

immunoassays as well as obtaining age-related reference normative values from a healthy 

general population 97.  

   Following the example of an international multicenter study including 15 041 healthy 

individuals from Europe, Canada and the USA, with the objective to develop reference IGF-1 

valuers for the iSYS kit, an automated immunoassay by Immunodiagnostic Systems, the 

VARIETE study, a French multicenter cohort provided normative data for 6 widely used 

commercial assays 101,102. The VARIETE cohort included 911 healthy adults representing all 

age groups who had a detailed medical history and clinical examination and were enrolled 

after exclusion of factors potentially impacting IGF-1 levels. IGF-1 was measured in a cross-

sectional manner and with each one of the 6 immunoassays (iSYS, Liaison XL, Immunite, 

IGF-1 RIACT, Mediagnost ELISA and Mediagnost RIA). Since the distribution of IGF-1 raw 

data is not Gaussian in the general population, gender- and age-specific curves were 
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established for each immunoassay after Cox-Box power transformation, to allow SD scores 

calculation. A calculator was also issued which is available online. Still, despite being obtained 

from the same healthy population, concordance among assays both on raw data and SD 

scores were only moderate to good, while concordance with the reference normal values 

proposed by each kit manufacturer were poor 102. The VARIETE normative data were tested 

in a cohort of 102 patients with growth hormones disorders (acromegaly, GH deficiency, 

suspected GH-disorder) who had IGF-1 measurement with the 6 immunoassays. Despite the 

fact that normative reference values were obtained from the same healthy population, 

concordance in the classification of patients in low, normal or high IGF-1 levels remained 

variable, especially for those close to normal range 103.  

   Variability among IGF-1 immunoassays in the classification of patients with GH disorders 

has a considerable impact in clinical practice since therapeutic decisions are influenced. The 

use of the same international standard for assay standardization and the development of age- 

and sex-specific reference normative data from the same well selected healthy population do 

not seem to completely solve this problem. Thus, variability among immunoassays could be 

related to other analytical differences such as epitope specificities and methods for IGF-BP 

elimination.   

   As a result, clinicians should be aware of the particularities of the assay they are using, and 

each patient should ideally be followed with the same assay or at least with assays sharing 

similar characteristics, especially if IGF-1 levels are close to normal range. IGF-1 

measurements by liquid chromatography tandem mass spectrometry (LC-MS) methods are 

not less erratic and on top of being time consuming and expensive, they propose normative 

data that resemble those of immunoassays. Finally, future cohorts for the development of IGF-

1 should include different ethnic groups since significant differences have been found among 

different geographic populations 104. 

 

Thyroid nodules 
 

Thyroid nodules are the most frequent endocrine tumor in the adult general population, with a 

prevalence as high as 60% in autopsy and imaging series111,112. Their diagnosis is often made 

incidentally, due to the wide use of imaging in current practice. However, only 5-13% of 

incidentally discovered thyroid nodules are malignant (34.8% if they are found to be 

hypermetabolic in PET-CT scans), most of which have an excellent prognosis with adequate 

care 118,120,122.  

   Except for autonomous thyroid nodules (hot nodules) that are detected on thyroid 

scintigraphy in patients with low TSH and which are almost always benign, after clinical 

evaluation and history taking, an ultrasound (US) evaluation is indicated to select those 
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nodules with the right combination of size and suspicious features that need to be subjected 

to fine needle aspiration (FNA) cytology 127. 

   The most widely used US risk stratification system (RSS) in Europe is the European Thyroid 

Imaging reporting and Data System (EU-TIRADS) RSS, in its 2017 or newer 2023 version 
127,132. Other RSSs exist, among which the American College of Radiology TIRADS (ACR-

TIRADS), the American Thyroid Association (ATA) RSS and the Korean RSS (K-RSS) 
131,133,134. An International TIRADS system (I-TIRADS) is also under development 135. The aim 

of US RSSs is to classify thyroid nodules based on their ultrasound features, and to propose 

categorization, thus stratifying the risk of malignancy.  

   RSSs exhibit high sensitivity but low specificity 137. Important inter- and intra-observer 

variability is also accounted in the evaluation of high-risk ultrasound features, which further 

lowers specificity 139. The EU-TIRADS RSS recognizes 4 high-risk features (marked hypo-

echogenicity, irregular margins, microcalcifications, non-oval shape) and the presence of at 

least one of those features classifies a nodule to the highest category of risk (EU-TIRADS 5) 
127,132. Rate of malignancy (ROM) is 26-87% for EU-TIRADS 5 nodules, 6-17% for EU-TIRADS 

4 nodules and < 5% for not suspicious EU-TIRADS 3 and EU-TIRADS 2 nodules 132. Thus, 

ROM has a considerably wide range in high-suspicion nodules which leads to high rates of 

unnecessary FNA procedures.  

   Furthermore, after FNA, cytology specimens are classified according to the Bethesda 

System in 6 categories: suspicious for malignancy or malignant nodules (Bethesda V and VI), 

benign nodules (Bethesda II), non-diagnostic cytology (Bethesda I) and indeterminate / non-

diagnostic cytology (Bethesda III and IV) 136. Bethesda III and Bethesda IV nodules 

(indeterminate / non-diagnostic cytology) account for 10-40% of FNAs and have a ROM of 13-

30% and 23-34% respectively 136. Guidelines recommend diagnostic lobectomy for these 

patients, leading to frequent unnecessary surgery, since most nodules will be found benign 

on final cytology. In addition, if cancer is proved on final histology after diagnostic lobectomy 

for indeterminate cytology, some patients will need second completion thyroidectomy (two-

step thyroidectomy) which could also have been avoided with better preoperative diagnostic 

tools. In a real world cohort from Geneva University Hospital including 1010 nodules in 862 

patients that had FNA between January 2017 and December 2021 in the endocrinology and 

radiology division, unnecessary surgery was performed in more than half of patients that had 

thyroidectomy because of non-diagnostic FNA cytology results, which accounts for 12.4% 

(n=107) of patients who were subjected to FNA. 

   Several artificial intelligence (AI) software for thyroid ultrasound evaluation are under 

development, aiming to improve nodule classification to categories of risk with more precision 

and less variability 141-143. Their performance is comparable to that of clinicians with thyroid US 
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expertise in terms of detecting malignancy, still, their utility in real-world clinical prospective 

series remains to be proved. 

   Finally, molecular tests are also available for thyroid cytology specimens exhibiting high 

specificities and high negative predictive values, which make them valuable for the 

management of patients with non-diagnostic thyroid cytology (Bethesda III and Bethesda IV 

nodules) 146-148. They are unfortunately not routinely used in Europe due to reimbursement 

issues, and their cost-effectiveness also remains to be proved by future studies. 

   Taken together, improvement of ultrasound risk stratification systems with higher specificity 

for malignant tumors and real-life studies on molecular tests for thyroid cytology will reduce 

unnecessary fine-needle aspiration procedures and unnecessary surgery. 
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