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1. ABBREVIATIONS

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

Al: artificial intelligence

ATA: American Thyroid Association

AVP: arginine vasopressin

BMI: body mass index

Cl: 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



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
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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 Il 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.

11



12



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 npituitary stalk. Neighboring anatomic
structures are the optic chiasm, and sphenoid sinuses, comprising cranial nerves (Figure
2)".

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 rare®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-functioning*. 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)®. 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 problems*®. Finally,
macroadenomas can sometimes present with symptoms of apoplexy, due to hemorrhage

or infraction, including sudden headaches, visual defects or meningeal irritation.
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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)
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Figure 2: Normal anatomy of the sellar and parasellar regions surrounding the pituitary
gland, coronal (left) and sagittal views (right) (Reproduced from Di leva A. et al. Nat Rev
Endocrinol 2014;10(7);423-35 ")
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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 °.

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 adenomas®.

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 ®’. 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) °.

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 ®'°. 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%

" Non-

corticotropin producing adenomas and 2% of unknown functional status
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%) ''. 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 '2. 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 .

ii. 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 .

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 '*. 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
1517 " 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 '*'®, 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 '8'°. 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 202

. 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, 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 %. Recent studies also show increased cancer
risk in acromegaly patients, and this is possibly related to improved management and
prolonged survival over time %°.

Transsphenoidal surgery is the first line treatment in acromegaly 2. In case of failure to
achieve biologic control with surgery alone, medical treatment is indicated 8. 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 #. 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 82 Dopamine agonists, which are first-line treatment for prolactinomas can
also be used in selected cases, if GH excess is mild 8%, 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 %°

. 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 %32, Still, 50% of patients do not reach biochemical control **. 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 33°. 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 . 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 %°. It has thus no action on
adenoma volume but offers biochemical control in 65-80% of patients "%, Combined
treatment of SRL and pegvisomant seems to be the most effective in achieving

biochemical control in acromegaly *°.

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 .

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 “***. 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 *.
In addition, biologic cure decreases mortality rates without normalizing them and excess
mortality seems to persist in patients with remission (HR: 1.9, 95% Cl 1.5-2.3) °.

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 “¢*’. 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 **°. 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 *°. 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 °'.

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 *2.

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 3. Other
studies have reported prolactin normalization and tumor shrinkage with cabergoline in 80%
of patients with macroprolactinomas and 95% of patients with microprolactinomas 3. Still,
resistance to DA, defined as failure to achieve normal prolactin levels and > 50% of tumor
size decrease is reported in 10-20% of patients treated with cabergoline **°¢. 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 %',

iv. Treatment of non-functioning pitNETSs: 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 ™

. 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-pitNETSs 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) °-*°. Microadenomas
rarely grow during follow-up and only 5% of them become macroadenomas, while growth
velocity is estimated at 0.4 mm/year . On the other hand, macroadenomas have a higher
growth potential and 20-60% of them will grow during a 2-7 years follow-up °'. 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%) ¢, Still, some studies have shown a
spontaneous decrease in volume of NF macroadenomas, which could be partially

61,62

attributed to subclinical apoplectic events . 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 ®. 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) 61626565,
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 ®. Surgical
transsphenoidal techniques, endoscopy and miscroscopy, seem to be equivalent in terms
of complication rates and postoperative pituitary function but there has been no

68-71

prospective direct comparison between them . 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 773,

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% ClI:
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% Cl: 1.1-1.48) "*. Causes of death
were mostly cerebrovascular and infectious diseases "*. 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 ”. 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 °. 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

76-79

hypothyroidism . Mortality also seems to increase with the number of deficient
hormonal axis, being higher in patients with panhypopituitarism 8. 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 "°.

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 8#'. 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 88",
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 ®. 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) .

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 ®. 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 3.

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 8°#¢. Furthermore, ACTH-deficiency had the higher recovery rate (44.3%) in the first
study but the lowest (3%) in the second 8%,

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 ¥ . 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 ®'.

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 3%”. 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 .

The largest cohort reported so far was a Swedish registry including 838 patients who
were operated for a NFPA 8. 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 . 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 .

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
' 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 °'. 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

22



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 %%,

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 *. Variability is observed among different assays but also on the same
assay performed by different laboratories . 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 %°’. 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 %,

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 1%

. The WHO consensus statement of IGF-1 assays standardization
recommends obtaining normative values from a healthy reference population with
representation of all age groups °. 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 2" and 3™ 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 ¥'°. 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 "',

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 "%,
Following the 2011 recommendations, 911 healthy adults, with representation of all age
groups, were included, in a cross-sectional manner, from 10 French centers 2. 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 2.

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) '®. 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 characteristics'®.

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 ', 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 '%.

IGF-1 can also be measured with liquid chromatography tandem mass spectrometry
(LC-MS) methods, which give normative values that resemble those obtained with

106-108

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

complex to calibrate than immunoassays and variability is not significantly improved
compared with immunoassays "%,

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 > 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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Abstract

Purpose Transsphenoidal surgery for non-functioning pituitary adenomas (NFPAs) can alter pituitary function. We assessed
the rates of improvement and deterioration of pituitary function by axis and searched for predictive factors of these
outcomes.

Methods We reviewed consecutive medical files from patients having had transsphenoidal surgery for NFPA between 2004
and 2018. Pituitary functions and MRI imaging were analyzed prior and after surgery. The occurrence of recovery and new
deficit were documented per axis. Prognostic factors of hormonal recovery and new deficits were searched.

Results Among 137 patients analyzed, median tumor size of the NFPA was 24.8 mm and 58.4% of patients presented visual
impairment. Before surgery, 91 patients (67%) had at least one abnormal pituitary axis (hypogonadism: 62.4%; hypo-
thyroidism: 41%, adrenal insufficiency: 30.8%, growth hormone deficiency: 29.9%; increased prolactin: 50.8%). Following
surgery, the recovery rate of pituitary deficiency of one axis or more was 46% and the rate of new pituitary deficiency was
10%. Rates of LH-FSH, TSH, ACTH and GH deficiency recovery were 35.7%, 30.4%, 15.4%, and 45.5% respectively.
Rates of new LH-FSH, TSH, ACTH and GH deficiencies were 8.3%, 1.6%, 9.2% and 5.1% respectively. Altogether, 24.6%
of patients had a global pituitary function improvement and only 7% had pituitary function worsening after surgery. Male
patients and patients with hyperprolactinemia upon diagnosis were more likely to experience pituitary function recovery. No
prognostic factors for the risk of new deficiencies were identified.

Condusion In a real-life cohort of patients with NFP As, recovery of hypopituitarism after surgery is more frequent than the
occurrence of new deficiencies. Hence, hypopituitarism could be considered a relative indication for surgery in patients with
NFPAs.

Keywords NFPAs * Transsphenoidal surgery * Pituitary function * Hypopituitarism
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Pituitary adenomas are the most common tumors of the
sella turcica and are of benign nature. Their incidence in
autopsy series reaches 10% of the population. Their pre-
valence ranges in-between 78 and 94 cases per 100,000
habitants in recent studies, showing that these tumors are
not as rare as they were believed to be [1, 2]. Non-
functioning pituitary adenomas (NFPAs), defined by the
absence of clinical and biological evidence of hormonal
secretion, represent 25-40% of all pituitary adenomas [3-5]
They are the second most common subtype of pituitary
adenomas with prolactinomas being the most prevalent
(40-55%). The other subtypes are less frequent, consisting
in GH-secreting adenomas in 10% of the cases, ACTH-
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secreting adenomas in 1-5% of the cases and TSH-secreting
adenomas in less than 1% of the cases [6].

Immunohistochemistry of NFPAs usually shows gona-
dotropin expression (68%), or no hormonal expression at all
(null cell adenomas, 27%), while GH, ACTH, TSH or even
prolactin expression is quite rare (silent adenomas, 5%)
[7, 8]. With routine use of immunohistochemistry for
transcription factors, as recommended by the 2022 World
Health Organization (WHO) classification for pituitary
tumors, pituitary adenomas are distinguished in PIT1-line-
age, TPIT-lineage and SF1-lineage pituitary neuroendocrine
tumors (PitNETs), with gonadotroph tumors included in the
latter category and null cell tumors having no distinct cell
lineage, thus, being a diagnosis of exclusion [9].

Based on their size, pituitary adenomas are classified as
microadenomas (€10 mm) or macroadenomas (>10mm).
Unlike non-functioning (NF) microadenomas, which will
rarely grow during follow-up, and among which only 5% will
exceed 10mm in diameter, NF macroadenomas seem to have
a higher growth potential. Indeed, 25-50% of these tumors
will progress during a median follow-up of 2-7 years [10].

In the absence of surgical treatment, the risk of devel-
oping new hormone deficiencies in patients with pituitary
macroadenomas is estimated to be 12% per year [11]. For
NF macroadenomas, surgery is mainly indicated in case of
visual impairment. Guidelines from the Endocrine Society
suggest that surgery may also be considered in case of
hypopituitarism despite the absence of visual impairment,
but the volume of evidence is quite limited [6]. The impact
of surgery on anterior pituitary function is not yet very well
established and risks of new postoperative pituitary defi-
ciencies and recovery after surgery vary among studies [10].
Serious complications related to transsphenoidal surgery are
rare (mortality €1% and other non-lethal serious complica-
tions £5%), but cannot be neglected [12]. It is also neces-
sary to take into account the risk of apoplexy of unoperated
pituitary adenomas, which is however low and estimated to
be of 1% per year [11]. Thus, in the absence of visual
impairment, the utility of surgery is controversial, and the
decision must be individualized by weighing potential
benefits of the intervention and risk of complications.

The objectives of our study were to evaluate the impact
of transsphenoidal surgery on anterior pituitary function in
patients with NF macroadenomas and to assess factors
predicting postoperative recovery and new deficiencies.

Materials and methods

Population and data

We retrospectively reviewed files from 310 consecutive
pituitary surgeries performed in Geneva University

Assessad (N=310)
Pituitary surgery files,
Geneva Usiversity Hospitad
03,2004 to 01,2018

Excluded (N«140|
GH secreting adenomas (acromegaly), N=52
ACTH-secreting adenomas |Cushing's dsease), N=25
Slent GH / ACTH / TSH, N=19
Rathke cleft cysts, N=15
Profactinomas, N=9
Craniopharyngiomas, N=%
Arachnoid cysts, N=4
TSH-secreting adencmas, N=3
Other tumers (chordomas, meningiomas,
germinomas etc), N=g

NFPAS retrisved for screening
(N=170)

NFPAs Included In the analysis
(N=137)

Fig. 1 Flow<chart of pituitary surgeries screened and selected for
inclusion in the analysis

Excluded [N=33)
NFPAs 2% surgery, N=14
NFPAs apoplexy, N=13
NEPAs craniotorry, N6

Hospital, a tertiary center, from March 2004 until January
2018 and selected patients having had surgery for a NF
pituitary macroadenoma, on the basis of clinical and bio-
chemical data as well as pathological analysis of the tumor.
Clinically functioning adenomas, Rathke cleft cysts, apo-
plexy, microadenomas, other types of sellar tumors (e.g.,
craniopharyngiomas), transcranial approach surgery, second
surgery, patients with previous radiotherapy, as well as
silent ACTH-secreting and GH-secreting adenomas were
excluded (Fig. 1). Finally, the analysis included NF pitui-
tary macroadenomas at the time of their first surgical
treatment. We documented time, age, symptoms and signs
upon diagnosis and surgery, duration of follow-up until
surgery, visual field defects and visual acuity as well as
reasons for surgery. The study was approved by the Swiss
Ethics Committee in compliance with the Declaration of
Helsinki; a waiver of informed consent was granted, as the
study was determined to involve no risk to the subjects
included by using existing medical file information.

Assessment of tumor size

Tumor size was evaluated on gadolinium-enhanced mag-
netic resonance imaging (MRI), performed 0-3 months
before surgery, as well as 3-6 months postoperatively. MRI
files were all reviewed in 2-dimension T1 sequences after
gadolinium injection and adenomas were measured in 3
diameters (cranio-caudal, antero-posterior and transverse).
Patients were classified, before and after surgery, according
to the maximal diameter (Dmax) and according to the
average diameter (Dav), calculated as the average of 3
diameters, in 4 size groups (S1: 10-19 mm, S2: 20-29 mm,
§3: 30-39mm and S4: 240 mm). Finally, we classified

@) Springer

29



342

Endocrine (2023) 81:340-348

patients according to percentage of decrease of the average
diameter with surgery, in groups 0 to 3 (0: 280% decrease,
1: 50-79, 2: 20-49 and 3: <20% decrease).

Evaluation of hormonal results

We retrieved and collected the results of hormonal workup
performed up to 6 months prior to surgery, as well as
3-6 months postoperatively. Tests had been performed
either in Geneva University Hospital, or in private labora-
tories, and had been organized by the treating physician.
Diagnosis of hypopituitarism in our study was based on
biologic tests according to normative values suggested by
each laboratory, as well as symptoms related to hormonal
deficiency, and patients were classified as having a normal
or an impaired function, per axis. Percentages of hormonal
deficiencies were calculated for patients with available data
and not for the whole cohort.

Evaluation of GH deficiency was based on IGF-1 levels,
and classification of patients was performed according to
age-related normative values suggested by each laboratory.

Assessment of central adrenal insufficiency was based on
basal plasma cortisol levels as well as a standard-dose
(250 ug) ACTH stimulation test. Patients were classified in
five groups as follows: “normal” (if basal cortisol levels
were >400nmol/l or if the level rose >500 nmol/l after
ACTH stimulation test), “probably normal” (if dynamic test
had not been performed but basal cortisol levels were
>350 nmol/1), “central adrenal insufficiency” (if 8 am
plasma cortisol levels were <70 nmol/l or <500 nmol/l after
dynamic testing) and “possible insufficiency” (if dynamic
test had not been performed, 8 am. plasma cortisol levels
were 70-350 nmoV/l, and the patient was receiving gluco-
corticoid replacement because of symptoms related to
possible central adrenal insufficiency). Confounding fac-
tors, such as ongoing oral estrogen use, were documented
and those patients were thus not classified into the above-
mentioned categories. Finally, several patients had an
incomplete assessment and could not be classified in the
categories described above. On the basis of this classifica-
tion, two types of analysis were carried out for the ACTH
axis evaluation, a strict analysis, comparing only “normal”
patients to those with well-documented “central adrenal
insufficiency”, in line with cut-offs suggested in the 2016
Endocrine Society guidelines for hypopituitarism, as well as
a simplified analysis, where “normal” and “probably nor-
mal” patients were considered together and compared to
patients with “central adrenal insufficiency” and “possible
insufficiency” who were also considered together [13].

Assessment of central hypogonadism was based on
gender and age. In women of childbearing age, diagnosis of
central hypogonadism was based on the presence of oli-
gomenorrhea or amenorrhea, low serum estradiol levels and
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normal or low FSH/LH levels. In women older than
60 years of age, FSH/LH values at pre-menopausal levels,
according to normative values suggested by each labora-
tory, were sufficient for the diagnosis of central hypogo-
nadism. In men, central hypogonadism was defined by the
presence of low total testosterone levels and normal or low
LH, together with symptoms or signs of testosterone defi-
ciency. Confounding factors to the evaluation of the gona-
dal axis were also documented and patients taking hormonal
substitution or contraception were not classified.
Diagnosis of central hypothyroidism was based on a low
free-T4 together with low or normal TSH. Postoperatively,
evaluation was only taken into account if tests had been
performed after discontinuation of thyroid hormone repla-
cement if started after surgery. Patients on levothyroxine for
primary hypothyroidism were considered as non-assessable.
Patients were classified on the basis of prolactin levels
(elevated, normal or low) before and after surgery. To
eliminate the bias of the impact of hyperprolactinemia on
the gonadal axis, a second analysis of the latter was per-
formed, after excluding patients with hyperprolactinemia.
In order to evaluate clinically relevant global pituitary
function improvement or worsening, we performed an
additional analysis after excluding cases of GH deficiency
(in the absence of routinely performed dynamic testing) as
well as cases of hypogonadism in postmenopausal women.
Pituitary function was considered improved if at least one
axis had improved with a total number of hormonal defi-
ciencies lower than preoperatively. Pituitary function was
considered worse if there was at least one new deficiency
and a total number of hormonal deficiencies higher than

preoperatively.
Surgery

Surgery was performed using a microscopic, endoscope-
assisted, trans-septal transsphenoidal approach, by the same
experienced surgeon. If patients had postoperative basal
cortisol levels below 500 nmol/l on day 4, they were then
maintained on 5 mg of prednisone per day until a proper
biologic evaluation could take place.

Statistical analysis

Baseline characteristics were reported as mean + standard
deviation, median (interquartile range), or number (per-
centage), as appropriate. To identify potential factors
associated with new hormone deficiencies or the recovery
from a previous hormonal deficiency, logistic regression
analysis was performed. Five predictors (age per 5 years,
gender, tumor size per 5 mm, 250% reduction in tumor size
after surgery and presence of hyperprolactinemia upon
diagnosis) were examined at a univariate level. For the
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Table 1 Patients’ chamacteristics

Patients characteristics All
(N=137)
Female/Male, N (%) 56 (40.9%)81
(59.1%)
Age at diagnosis, median in years (range) 59 (28-85)
Age at surgery, median in years (range) 60 (28-86)
Time of follow-up till surgery, median in 12.7 (3-360)
months (range)
R leading to diagnosis, N (%)
Incidentaloma 55 (40.1%)
Visual impairment 45 (32.8%)
Symptoms of hormonal dysfunction 23 (16.8%)
Headaches 14 (10.2%)
Visual impairment upon diagnosis, N (%)
Present 80 (58.4%)
Absent 57 41.6%)
Indication for surgery, N (%)
Visual impairment or optic nerve 123 (898%)
compression
Tumor growth during follow-up 9 (6.6%)
Other (patient's pref 5(36)

hypopituitarism, et.)
Tumor size before surgery by maximal diameter (Dmax), N = 137

S1: 10 sDmax < 20 mm 35 (25.5%)
$2: 20 s Dmax < 30 mm 66 (48.2%)
$3: 30 sDmax < 40 mm 26 (19%)
$4: Dmax 240mm 10 (7.3%)

Tumor size before surgery by average diameter (Dav), N= 137

S1: Dav <20 mm 55 (40.1%)
$2: 20<Dav <30mm 67 (48.9%)
$3: 30 sDav <40mm 13 (9.5%)
S4: Dav 2 40 mm 2(15%)

Tumor size after surgery by average diameter (Dav), N= 137

S0: no residual tumor 50 (36.5%)
SI: Dav <10 mm 33 24.1%)
$2: 10sDav <20mm 30 (21.9%)
$3: Dav 2 20 mm 13 (9.5%)
No data 11 8%)

Average diameter decrease with surgery (Dav), N =137

S0: >80% 52 (38%)
S1: 50-79% 41 (29.9%)
$2: 20-49% 20 (14.6%)
§3: 2A0% 12 (8.8%)
No data 12 (8.8%)

outcome of recovery from a previous hormonal deficiency,
predictors with a univariate p value < 0.20 were included in
the multivariate model. Statistical analyses were performed
in SPSS version X and in Stata version 17.0 SE. Any
p value <0.05 was considered significant.

Results
Patients’ characteristics

Patients’ characteristics are summarized in Table 1. Alto-
gether, 310 pituitary surgery files performed between March
2004 and January 2018 were reviewed, of which 137 cases
of non-functioning pituitary macroadenomas were selected.
The cohort included 56 women (40.9%) and 81 men
(59.1%). Median age at diagnosis was 59 years (range:
28-85) and median age at the time of surgery 60 years
(range: 28-86). There were no cases of diabetes insipidus
upon diagnosis nor after surgery (3 and 6 months post-
operatively). Median time of follow up until surgery was
12.7 months (range: 3-360), while 75% of patients had
surgery performed within 8 months from diagnosis and only
14.7% had surgery later than 24 months from diagnosis. On
ophthalmologic evaluation following diagnosis (visual field
and visual acuity examination), 80 patients (58.4%) had
visual impairment. Indication for surgery was visual optic
nerve compression on MRI with or without visual impair-
ment in most cases (89.8%, N = 123), while 6.6% (N=9)
had surgery due to tumor growth during follow-up, and only
3.6% (N=5) for other reasons (hypopituitarism, patient’s
preference).

Tumor size

Classification of patients according to tumor size before and
after surgery is also summarized in Table 1. At the time of
surgery, median maximal tumor diameter was 24.8 mm
(range: 10-50). In 73.7% of cases (N= 101), Dmax was
<30 mm (89% with Dav <30 mm). On MRI performed 3-6
months after surgery, 36.5% of patients (N = 50) had no
residual tumor, 24.1% (N=33) had a residual tumor of
<l0mm, while 9.5% (N=13) had a residual tumor
exceeding 20mm of average diameter. Overall, post-
operatively, 38% of patients (N =52) had Dav decrease of
80% or more, 29.9% (N = 41) had a 50-79% decrease and
23.4% (N =32) had <50% decrease.

Evaluation of the anterior pituitary hormonal axis
before and after surgery

Before surgery, central hypogonadism was detected in
62.4% of patients (31.5% of which were postmenopausal
women), central hypothyroidism in 41%, central adrenal
insufficiency in 30.8% (21.3% with the strict analysis), and
low IGF-1 in 29.9% of patients (Table 2 and Fig. 2). High
prolactin levels were detected in 50.8% of patients. After
surgery, central hypogonadism was detected in 40.8% of
patients (30% of which were postmenopausal women),
central hypothyroidism in 29.3%, central adrenal
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insufficiency in 27.4% (22.7% with the strict analysis), and
low IGF-1 in 17% of patients (Table 2 and Fig. 2). High
prolactin level was detected in 13.5% of patients.

Among 122 patients with data available before and after
surgery, 42 (34.4%) showed recovery of at least one defi-
ciency and 13 (10.6%) experienced the occurrence of one or
more new hormonal deficiencies (Fig. 3). Gonadotropin
secretory reserve recovered in 35.7% (20/56) of patients (5
of which were postmenopausal women, 25%) while new-
onset central hypogonadism occurred in 83% (3/36) of
patients (none of which were postmenopausal women).
Those numbers were 27.3% and 5.3%, respectively for the
41 patients without hyperprolactinemia upon diagnosis.
Thyrotropin secretory reserve recovered in 30.4% (14/46)
of cases, while new-onset central hypothyroidism occurred
in 1.6% (1/62) of patients. With the simplified analysis of
the ACTH axis, ACTH axis recovered in 15.4% (4/26) of
patients while new-onset central adrenal insufficiency
occurred, in 9.2% of patients. With the strict analysis of
ACTH-secretion evaluation, ACTH secretory reserve
recovered in 409% of them (4/10), while new-onset central
adrenal insufficiency occurred in 9.6% of patients (5/52).
Recovery of the GH axis occurred in 45.5% (10/22) of
patients while new-onset GH deficiency after surgery
occurred in 5.1% (3/59). Finally, prolactin levels normal-
ized in 71.4% of cases (30/42), while no cases of new
hyperprolactinemia were detected after surgery.

In an additional analysis evaluating global pituitary
function change with surgery and taking into account only
clinically relevant deficiencies requiring treatment, we
found 30 patients with global improvement of pituitary
function (24.6%) and 7 with global worsening (5.7%),
among 122 with data available before and after surgery in at
least one axis.

Predictors of new deficiencies and recovery after

In the univariate analysis, there was a trend toward
increased chances of recovery of at least one deficient

Table 2 Classification of pati ding to hormonal workups by
axis, before and after surgery
Prior to After
surgery surgery
LH/FSH
Number of patients analyzed n7?* 98°
Nomal, n(%) 44 (376%) 58 (59.2%)
Insufficiency, n(%) 73 (624%) 40 (40.8%)
Insufficiency in postmencpausal 23(197%) 12 (12.2%)
women, n(%)
TSH
Number of patients analyzed 122 16
Nomal, n(%) 72(59%) 82 (70.7%)
Insufficiency, n(%) 50 (41%) 34 (29.3%)
ACTH
Number of patients analyzed 131¢ 124
Nomal, n(%) 59 (45%) 75 (60.5%)
Probably normal, n(%) 13(9.9%) 7 (5.6%)
Insufficiency, n(%) 16 (122%) 22 (17.7%)
Passible insufficiency, n(%) 16 (122%) 9 (7.3%)
Inconclusive data, n(%) 5 (38%) 4 (3.2%)
Confounding factors, n(%) 22 (168%) 7 (5.6%)
ACTH (simplified analysis)
Number of patients analyzed 104° n3
Normal + Probably narmal, n(%) 72 (692%) 82 (72.6%)
Insufficiency + Possible insufficiency, 32 (308%) 31 (27.4%)
(%)
ACTH (strict analysis)
Number of patients analyzed 75 97
Normal, n(%) 59 (187%) 75 (71.3%)
Insufficiency, n(%) 16 (213%) 22 (22.7%)
GH
Number of patients analyzed 1178 88*
Nomal, n(%) 82 (70.1%) 73 (83%)
Insufficiency, n(%) 35(299%) 15 (17%)
Prolactin surgery
Number of patients analyzed 130 89
High, n(%) 66 (508%) 12 (13.5%)
Nomal, n(%) 63 (485%) 75 (84.3%)
Low, n(%) 1(08%)  2(22%)

hormonal axis in patients with hyperprolactinemia, male

*No data in 16 cases, confounding factors in 4 cases
*No data in 37 cases, confounding factors in 2 cases
“No data in 7 cases, confounding factors in 8 cases
“No data in 17 cases, confounding factors in 4 cases
“No data in 6 cases

No data in 13 cases

No data in 20 cases

™No data in 49 cases

‘No data in 7 cases

INo data in 48 cases

) Springer

gender and older patients which did not reach statistical
significance (Table 3). Tumor size was not associated
with recovery. In multivariate analysis, hyperprolacti-
nemia and male gender were confirmed to predict post-
operative recovery of at least one deficient hormonal axis
(Table 3).

On the contrary, in univariate analysis, gender, age,
tumor size and hyperprolactinemia, were not found to
independently predict the appearance of new hormonal
deficiencies after surgery, and thus, a multivariate analysis
was not performed (Table 3).
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nemia, befare and afier surgery; patients with data before or after
surgery. *Simplified analysis for the ACTH axis: patients with
moming cortisol levels >350nmol/l or >500nmold after ACTH sti-
mulation test were considered as normal, patients with morning cor-
tisol levels <70nmol/l or <500 nmol/] afer dynamic testing as well as
patients with morning cortisol levels 70-350nmol/l but who were

Discussion

In the absence of threat for the optic pathways, surgery for
non-functioning pituitary macroadenoma is not system-
atically recommended. Nevertheless, if a potential
improvement of pituitary function with surgery is aimed at,
it would be useful to have prognostic factors of better
outcome in order to be able to select patients who could
benefit from the surgical excision in the absence of visual
impairment.

The impact of hypopituitarism, whether preoperative or
postoperative, on patients’ long-term outcomes, must be
taken into account in order to assess potential benefits of
surgery. Current data suggest higher morbidity and mor-
tality in patients with NF pituitary macroadenoma, and
hypopituitarism is found to be a risk factor, regardless of it
being the result of surgery or occurring during the simple
surveillance of a growing adenoma [14]. A Danish registry-
based study on 192 patients who had surgery for a NFPA
did not find any increase in mortality (standardized mor-
tality ratio—SMR: 1.21, 95% CI: 0.93-1.59), regardless of
the presence of hypopituitarism [15]. On the other hand, the
largest study on the topic, based on a Swedish registry
including 2795 patients with NFPA (among whom 52% had
surgery), found, after follow-up of a median of 7 years, a
small but significant increase in mortality (SMR: 1.10; 95%

possible adrenal insufficiency, were considered as having central
adrenal insufficiency. **Strict analysis for the ACTH axis: only
patients with morning cortisol levels >400nmol/l or >500 nmol/l after
ACTH stimulation test were considered as normal, only patients with
moming cortisol levek <70 nmol/l or <500nmol/l afer dynamic
testing were considered as having central adrenal insufficiency

CI: 1.00-1.20). Mortality was significantly higher in
patients who were younger than 40 years old (SMR: 2.68,
95% CI: 1.23-5.09), and in women (SMR: 1.29, 95% CI:
1.11-1.48), and was attributed to cerebrovascular and
infectious causes [16]. In a British registry-based study
including 546 patients who had surgery for NFPA,
increased mortality was found, after follow-up of a median
of 8 years (SMR: 3.5; 95% CI: 2.8-4.4). In this cohort, the
only independent predictor of mortality was age at diag-
nosis (hazard ratio (HR): 1.1 if >50 years, 95% CI:
1.07-1.13, p<0.001) [17]. Furthermore, hypopituitarism
requiring treatment seems to contribute to morbidity of
patients with NFPA. Treatment for central adrenal insuffi-
ciency for example requires adjustment of glucocorticoids
and overtreatment has been associated to increased mor-
tality [18]. In addition, patients with growth hormone
deficiency after surgical management for a NFPA and who
do not receive treatment with GH, seem to have a higher
risk of developing type 2 diabetes (odds ratio (OR): 1.65,
95% CI: 1.06-2.46, p=0.018) [19]. A British population
study on 519 patients (90.6% operated, 9.4% observed)
with a follow-up of 7 years, showed that central adrenal
insufficiency and central hypogonadism were associated
with increased mortality (relative risk (RR): 2.26; 95% CI:
1.15-4.47, and 2.56; 95% CI: 1.10-5.96 respectively). In
this study, there was a trend toward higher mortality rates
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patients who were younger than 40 years old (SMR: 2.68,
95% CI: 1.23-5.09), and in women (SMR: 1.29, 95% CI:
1.11-1.48), and was attributed to cerebrovascular and
infectious causes [16]. In a British registry-based study
including 546 patients who had surgery for NFPA,
increased mortality was found, after follow-up of a median
of 8 years (SMR: 3.5; 95% CI: 2.8-4.4). In this cohort, the
only independent predictor of mortality was age at diag-
nosis (hazard ratio (HR): 1.1 if >50 years, 95% CI:
1.07-1.13, p<0.001) [17]. Furthermore, hypopituitarism
requiring treatment seems to contribute to morbidity of
patients with NFPA. Treatment for central adrenal insuffi-

surgery. Current data suggest higher morbidity and mor-
tality in patients with NF pituitary macroadenoma, and
hypopituitarism is found to be a risk factor, regardless of it
being the result of surgery or occurring during the simple
surveillance of a growing adenoma [14]. A Danish registry-
based study on 192 patients who had surgery for a NFPA
did not find any increase in mortality (standardized mor-
tality ratio—SMR: 1.21, 95% CI: 0.93-1.59), regardless of
the presence of hypopituitarism [15]. On the other hand, the
largest study on the topic, based on a Swedish registry
including 2795 patients with NFPA (among whom 52% had
surgery), found, after follow-up of a median of 7 years, a
small but significant increase in mortality (SMR: 1.10; 95%

ciency for example requires adjustment of glucocorticoids
and overtreatment has been associated to increased mor-
tality [18]. In addition, patients with growth hormone
deficiency after surgical management for a NFPA and who
do not receive treatment with GH, seem to have a higher
risk of developing type 2 diabetes (odds ratio (OR): 1.65,
95% CI: 1.06-2.46, p=0.018) [19]. A British population
study on 519 pati (90.6% op d, 9.4% observed)
with a follow-up of 7 years, showed that central adrenal
insufficiency and central hypogonadism were associated
with increased mortality (relative risk (RR): 2.26; 95% CI:
1.15-4.47, and 2.56; 95% CI: 1.10-5.96 respectively). In
this study, there was a trend toward higher mortality rates
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relatively low risk of new deficiencies, hypopituitarism due
to a NFPA could be considered as a valid 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 I'lGF-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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Context: Measurement of IGF- is essential for diagnosis and management of patients with disor-
ders affecting the somatotropic axis. However, even when IGF-1 kit manufacturers follow recent
consensus guidelines, different kits can give very different results for a given sample.

Objectives: We sought to establish normative data for six IGF-l assay kits based on a large random
sample of the French general adult population.

Subjects and Methods: In a cross-sectional multicenter cohort study, we measured IGF-l in 911
healthy adults (18-90 years) with six immunoassays (iSYS, LIAISON XL, IMMULITE, IGFI RIACT,
Mediagnost ELISA, and Mediagnost RIA). Pairwise concordance between assays was assessed with
Bland-Altman plots for both IGF-1 raw data and standard deviation scores (SDS), as well as with the
percentage of observed agreement and the weighted Kappa coefficient for categorized IGF-1 SDS.

Results: Normative data included the range of values (2.5-97.5 percentiles) given by the six IGF-I
assays according to age group and sex. A formula for SDS calculation is provided. Although the
lower limits of the reference intervals of the six assays were similar, the upper limits varied mark-
edly. Pairwise concordances were moderate to good (0.38-0.70).

Conclusion: Despite being obtained in the same healthy population, the reference intervals of the
six commercial IGF-1 assay kits showed noteworthy differences. Agreement between methods was
moderate to good. (J (in Endocrinof Metab 101: 3450-3458, 2016)

rowth hormone exerts its effects on target tissues ei-
G ther directly or via the production of insulin-like
growth factor 1 (IGF-I). Accurate measurement of IGF-Iin
serum is crucial for diagnosis and management of disor-
ders affecting the somatotropic axis, particularly GH ex-
cess (acromegaly) and GH deficiency. However, even if
manufacturers follow the recommendations of the Con-
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sensus Group on the Standardization and Evaluation of
GH and IGF-I Assays (1), the different commercial IGF-I
assay kits can give very different results for the same sam-
ple, with up to a 2.5-fold difference between the lowest
and highest values (2). This intermethod variability is gen-
erally explained by calibration against different IGF-I ref-
erence preparations (3), and differences in the efficiency of

Abbreviations: BMI, body mass index; IGFBP, IGF binding protein; IRR, international ref-
erence reagent; LC, liquid chromatography; LMS, parameters L for skewness, M for me-
dian, and S for the coefficient of variation; MS, mass spectometry; SDS, standard deviation
score
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methods used to remove IGF-binding proteins (IGFBPs)
(4). In theory, this should not be a problem in clinical
practice because kits that give higher values should have
higher normal limits, and patients should thus be consis-
tently classified.

However, it is very difficult to establish reference values
for IGF-1. Indeed, serum IGF-I concentrations increase
with children’s age and pubertal stage, whereas they fall
with age in adults (5). Furthermore, the distribution of
IGF-I values in an apparently healthy population is non-
Gaussian, and this necessitates complex mathematical
transformation to obtain reference intervals for each age
group. For this reason, it is essential to generate reference
values after stratifying a large healthy population into age
groups. Another problem is that IGF-1 concentrations are
influenced by many factors other than GH concentrations,
including nutritional status and body mass index (BMI),
use of hormone replacement therapy by postmenopausal
women, depending on the administration route (6-8),
kidney and liver function, and diabetic status (9). Refer-
ence IGF-I values may therefore be influenced by the in-
clusion criteria used to select the reference population
sample. This could have important implications for diag-
nosis and therapeutic decision-making because a given pa-
tient could be classified as having a normal IGF-I concen-
tration with one method but an abnormal value with
another method. Several studies suggest that the main rea-
son for interlaboratory variability in patient classification
is the use of different populations to establish reference
values for the different IGF-I assays (2, 10, 11). It is cur-
rently difficult to monitor an individual patient with dif-
ferent IGF-I assays, even if the results are all expressed in
the same units (ng/ml). It is thus recommended to establish
specific reference ranges for each assay and to apply com-
mon, well-defined inclusion criteria to the reference pop-
ulation (1). It is also recommended, for the comparison of
values obtained with different assays in the same patient,
to express each IGF-I result as an SD score (SDS) with
reference to the normative data for the assay in question,
after appropriate transformation for data non normality.
We reasoned that the best way to overcome this variability
would be to apply all the commercial kits used in clinical
laboratories to a battery of samples from the same well-
defined reference population, and to use the same math-
ematical transformation to calculate reference ranges
from the raw data.

The aim of this study was thus to establish normative
data for six commercial IGF-I assays in a large random
sample of healthy subjects from the French general pop-
ulation representing all adult age groups (about 100 sub-
jects per decade), as recommended by the Consensus
Group on the Standardization and Evaluation of GH and

press.endocrine org/journal/jcem 3451

[GF-I assays (1). Serum samples from the reference pop-
ulation were tested with six commercial assay kits avail-
able in France at the time of this study, after careful ex-
clusion of subjects with medical conditions or medications
that might affect their IGF-I concentration. The data were
analyzedtoobtainthe range (2.5-97.5 percentiles) in mass
units. The standard deviation scores were used to compare
the six assays.

Subjects and Methods

IGF-1 assay characteristics

Six immunoassays (iSYS, LIAISON XL, IMMULITE, IGFI
RIACT, Mediagnost ELISA, and Mediagnost RIA) were used to
measure the IGF-I concentration in each healthy subject. The
main characteristics of the assays, and the mathematical models
used to determine normative data, where relevant (12-14) as
provided by the manufacturer, are shown in Table 1.

Healthy subjects

The subjects were part of a large cohort of French healthy
adults (VARIETE). The VARIETE cohort was an open, prospec-
tive, national, multicenter, nonrandomized study of healthy vol-
unteers, designed to establish normative data for IGF-Iand other
hormonesin the French general adult population representing all
age groups (about 100 subjects per decade from 18-90 years)
(ClinicalTrials.gov Identifier: NCT01831648). A total of 972
healthy subjects with BMI values between 19 and 28 kg/m? were
recruited in 10 centers throughout France between 2010 and
2011. Our objective of including 1000 subjects was not achieved
because of difficulties for obtaining an accurate number of sub-
jects in the older age categories (>70 years) fulfilling all the
inclusion criteria and without exclusion criteria before the end of
our inclusion period. Subjects with medical conditions or med-
ications that might affect IGF-I serum levels were excluded (Sup-
plemental Appendix). Each subject had a clinical examination,
personal medical history-taking, and general examination, in-
cluding careful evaluation of nutritional and gonadal status.
Standard laboratory tests (plasma sodium, potassium, calcium,
phosphate and creatinine, glycemia, total cholesterol, liver en-
zymes, TSH, blood cell count, albuminemia, prothrombin time,
as well as HIV and hepatitis C virus serologies) were then per-
formed, and 80 ml of blood (50 ml without anticoagulantand 30
ml in EDTA-containing tubes) was sampled and promptly cen-
trifuged (2000 X g, 4 C). Serum and plasma were aliquoted,
frozen, and stored at —80 C until hormone measurements.

All healthy subjects gave their written informed consent to
participate in the study, which was approved by the Paris-Sud
Ethics committee before the beginning of the study.

Statistical methods

The distribution of IGF-I values obtained with each assay was
skewed, and was thus first normalized by means of sex- and
age-specific Box-Cox power transformation. Student’s ¢ test
and Levene’s test were then used to assess equality of means and
homogeneity of variances between men and women in each age
group. As men and women had significantly different IGF-I lev-
els, centile curves were constructed separately for each sex.
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Table 1. Characteristics of the Tested IGF-I Assays as Provided by the Manufacturers
International Highest
Standard Measurable
Against Which LOQor  Value Without Reference Adult Population
the Assay LoD Dilution Recruited by the
Assay Name Manufacturer Automated Tracer Calibrated Intra-assay CV Inter-assay CV (ng/ml)  (ng/ml) Manufacturer
iSYS DS Yes Acridinium WHO/NIBSC 2.9% at 22 ng/ml 5.4% at 22 ng/ml 83 (L0Q) 1200 6500 adults; reference values
ester 02/254 1.9% at 163ng/ml 3.9% at 163 ng/ml provided according to
4.2% at 304ng/ml  7.2% at 304 ng/ml the method of Cole
and Green (12)
LIAISON XL DiaSorin Yes Isoluminol WHO/NIBSC 5.1% at 70 ng/ml 9.6% at 80 ng/ml 3{LOD} 1500 1606 adults; reference values
02/254 3.5% at183ng/ml 7.1% at 187 ng/ml 10 (LOQ) provided by age according
3% at 589 ng/ml 5.6% at 317 ng/ml tothe method of Royston
and Wright (14}
IMMULITE Siemens Yes Alkaline WHO/NIBSC 3.9% at 77 ng/ml 7.7% at 77 ng/ml 20(LOQ) 1600 1499 pediatric and adult
2000 phosphatase  First IRR 6.5% at 169ng/ml 5.4% at 169 ng/ml samples from an apparently
27/518 2.9% at 380 ng/ml 7.4% at 380 ng/ml healthy population (no
3.0% at 689 ng/ml ~ 8.1% at 689 ng/ml indication is given concerning
2.3% at 1053 ng/ml  3.7% at 1053 ng/ml the respective numbers of
2.4% at 1358 ng/ml  4.7% at 1358 ng/ml
adult and children)
IGFI-RIACT Cisbio No 125 WHO/NIBSC 3.8% at 49 ng/ml 3.8% at 39 ng/ml 1(LOD) 900 693 adults 29-70 y
First IRR 87/518  3.4% at 162 ng/ml  8.2% at 352 ng/ml|
3.2% at496 ng/ml 5.9% at 509 ng/ml
Mediagnost ~ MEDIA No Peroxidase WHO/NIBSC 5.7% at 138ng/ml  6.1% at 142 ng/ml 1.9{LOD} 1050 Based on the data reported
enzyme 02/254 by Blum and Breier (13}
conjugate
ELISA GNOST 5.1% at 141 ng/ml  6.8% at 174 ng/ml
6.6% at 145ng/ml 2.2% at 494 ng/ml
Mediagnost MEDIA No 125 WHO/NIBSC 4.6% at 56 ng/ml 4.9% at 55 ng/ml 26{(0D) 730 Based on the data reported
02/254 by Blum and Breier {13}
RIA GNOST 3.4% at 140ng/ml 6.2% at 140 ng/ml The reference values

2.5% at 180ng/ml 4.5% at 186 ng/ml

for the different

age ranges are the same
as those used for the
Mediagnost ELISA kit

Abbreviations: CV, coefficient of variation; LOD, limit of detection; LOQ, limit of quantification; NICSC, National Institute for Biological Standards

and Control, WHO, World Health Organization

These six assays are sandwich assays that use monoclonal antibodies directed against epitopes, whose exact nature is not disclosed by the
rmanufacturers. In all cases, IGFBPs are said to be removed by displacement of endogenous IGF-I by an excess of IGF-Il (or analog) as initially
proposed by Blum and Breier (13). The LOQ is the lowest amount of IGF- that can be accurately quantified with an allowable error <20%. The
LOD is the IGF-I concentration corresponding to the 95th percentile value from a number of determinations of IGF-I concentration in free serum

samples

Age-and sex-specific centile curves were constructed for each
assay by using the LMS (parameters L for skewness, M for me-
dian, and $S for the coefficient of variation) method (12) imple-
mented in the GAMLSS software package version 4.3-1 (15) of
R software, version 3.1.2 (R Core Team, 2014; R: A language
and environment for statistical computing; R Foundation for
Statistical Computing; http://www.R-project.org/.). The LMS
method enables smooth curves to be estimated for percentiles
after normalization (by Box-Cox power transformation) and
standardization of the data. The parameters L, M, and S were
also computed for each age and sex class. SDS were calculated as
z = [(IGE-UM)* — 1]/(L X S), where IGF-Tis the raw value given
by the assay (in ng/ml). For eachtechnique, SDS were categorized
as low, normal, or high according to their positions relative to
both the 2.5th and 97.5th percentiles.

Oncethe L, M, and S parameters for each category of age and
sex had been obtained, the lower and upper reference interval
limits were determined for each assay by fixing z at =1.96 and
1.96, respectively, and then mathematically back-transforming
the SDS formula.

Pairwise concordance between assays was assessed with scat-
ter plots and Bland- Altman plots for both IGF-I raw values and
SDSvalues, as well as with the percentage of observed agreement
(total number of agreements divided by the total number of pa-

tients tested with both assays) and the linearly weighted Kappa
coefficient for categorized IGF-1SDS (16, 17). An overall kappa
coefficient (16) and Friedman’s test were computed for global
comparison of all assays at the same time. Landis and Koch’s
table was followed for interpretation of Kappa values (18).

Unless otherwise stated, SAS software was used for all sta-
tistical analyses (Statistical Analysis System, version 9.4, SAS
Institute).

Results

Description of the population

Nine hundred seventy-two subjects were initially re-
cruited, of whom 52 were excluded because of abnormal
values in the standard laboratory screening tests. A further
nine subjects were excluded because of missing informa-
tion on pregnancy status or viral serology. The study pop-
ulation thus consisted of 911 subjects (470 males), com-
prising 101, 118, 99, 98, 103, 102, 108, 97, and 85
subjects in the 18-20,21-23,24-26,27-29, 30-39, 40—
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Table 2. Normative Reference Intervals (35% Cl) of IGF-I Measured by Six Assay Methods According to Age Range

and Sex in a Cohort of 899 Healthy Subjects

LIAISON IMMULITE Mediagnost Mediagnost
iSYS XL 2000 IGFI-RIACT ELISA 1A
Age IGF-I {(ng/ml) IGF-I (ng/ml) IGF-1 (ng/ml)  IGF-l (ng/ml)  IGF-I (ng/ml) IGF-I (ng/ml)
Range N 95% ClI 95% Cl 95% Cl 95% Cl 95% ClI 95% Cl
Males (y)
18-20 56 168-391 186-453 195-537 197-486 177-430 168-374
21-23 61 147-346 168-411 171-477 173-430 159-388 150-337
24-26 53 132-313 153-377 152-430 155-389 144-355 135-308
27-29 49 122-292 142-351 138-396 143-363 133-331 126-289
30-39 56 108-265 124-310 118-348 127-329 115-295 112-265
40-49 51 91-233 106-271 98-301 107-286 98-261 97-237
50-59 54 81-214 97-252 85-273 94-262 88-245 86-218
60-69 49 75-208 92-245 77-260 87-250 80-237 82-214
70-89 34 64-192 80-220 66-242 75-231 71-233 72-200
Females (y)
18-20 41 155-421 191-483 180-586 169—517 169—487 161—412
21-23 54 144-383 176-448 166-541 159-476 156-446 149-379
24-26 45 134-353 163-418 153-501 150-440 144-412 139-353
27-29 48 126-330 152-391 142-467 142-410 134-385 131-332
30-39 47 113-294 131-345 121-403 126-356 118-341 118-298
40-49 50  97-253 109-296 98-331 107-297 100-296 103-258
50-59 54 80-209 93-253 80-271 90-247 82-248 97-220
60-69 47 64-170 84-222 68-227 76-209 68-208 75-190
70-89 50  56-154 81-204 60-188 67-189 60-187 68-175

49, 50-59, 60-69, and 70-89 year age groups, respec-
tively. Mean BMI was 23.0 + 2.4 kg/m?.

IGF-I reference intervals obtained with the six
assays

The IGF-Ireference intervals (2.5th-97.5th percentiles)
obtained with the six immunoassays are shown in Table 2
according to age and sex. Supplemental Figure 1 shows
individual points and fitted percentiles (2.5 %, 50%, and
97.5%) for males and females in each IGF-I assay.

A calculator available online (http://ticemed_sa.upme.fr/
sd_score/) or by using Apps (IGF1 SD_score) downloadable
for Android from Google Play and for iOS from Apple Store
(free of charge) allows the obtaining of individual IGF-1SDS
after entering the name of the assay, the individual IGF-I
value obtained with the assay, and the sex and age of the
individual.

The six reference intervals for males and females are
plotted on the same graph in Figure 1. Although the lower
limits of the reference intervals (2.5th percentiles) were
similar, the upper limits (97.5th percentiles) varied mark-
edly from one assay to another.

3-Comparison of IGF-1 levels given by the six
assays

The results obtained with each IGF-I assay were com-
pared with those obtained with each of the other five as-
says. Scatter plots and Bland-Altman plots based on raw

values and SDS for each pair of assays are shown in Sup-
plemental Figure 2.

Whatever the assay, IGF-I concentrations were gener-
ally higher in women than in men until the age of 59 years
(this was significant for the age ranges 18-20 and 24-26
years). From the age of 60 years, IGF-I levels were slightly
higher in men than in women, although the gender differ-
ence was smaller than in the younger age groups and was
only significant for Immulite, Mediagnost ELISA, and Me-
diagnost RIA.

Two examples of interassay comparisons are shown in
Figure 2. The results obtained with iSYS and Mediagnost
RIA were in good overall agreement, with no significant
bias as assessed by Bland-Altman plots (Figure 2, A-D). In
contrast, the results obtained with LIAISON XL and Me-
diagnost RIA were not in good agreement (Figure 2, E-H).

Pairwise assay concordances assessed with the weighted
Kappa coefficient for categorized IGF-1 SDS are shown in
Table 3. The concordances were moderate to good (0.38—
0.70), although the percentages of observed agreement were
quite high (94-97%).

Overall agreement was moderate as overall Kappa co-
efficient was 0.55. Both in men and women, global inter-
assay comparison showed significant differences (P <
.0001) on raw values but not on SDS values (P = .26 and
P = .36, respectively).

Table 4 shows pairwise concordances between the ref-
erence intervals provided by the manufacturer and those
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Figure 1. Reference intervals for (A) males and (B) females according to the age intervals of the six IGF-l immunoassays tested. Lower limits (2.5th
percentile) and upper limits (97.5th percentile) of the normal range are drawn as full lines and means as dotted lines.

obtained in the VARIETE cohort, as assessed by the Kappa
coefficient and the percentage agreement for each IGF-I
assay. The concordances and percentages of observed
agreement were generally poor.

Discussion

We report reference intervals for IGF-I concentrations ob-
tained with six immunoassays in the same population of
nearly 900 French healthy subjects aged 18-90 years, in
keeping with the 2011 recommendations of the Consensus
Group on the Standardization and Evaluation of GH and
IGF-I assays (1). The population composed about 100
subjects per age decade, and specific reference intervals
were calculated for each sex and age group. The reference
intervals varied from one assay to another: the lower limits
of the normal range (2.5th percentile) were quite similar

with the six methods, but the upper limits (97.5th percen-
tile) varied widely from one assay to another, in both men
and women (Figure 1). Although the preanalytic condi-
tions were the same for the six kits, and although four of
the six kits were calibrated against the international ref-
erence standard 02/254, concordance between the assays,
as assessed with Bland-Altman plots and the Kappa coef-
ficient, remained quite variable, not only for raw IGF-I
values but also for IGF-ISDS. This latter result was some-
what surprising, because we expected that, by using the
same healthy population, we would obtain similar SDS.
In Table 2, which shows the reference ranges for each
assay, we have deliberately omitted the mean and SD cal-
culated for each age category from the raw values to avoid
erroneous calculations of SDS. Indeed, the Box-Cox
power transformation, which is necessary because of the
non-Gaussian distribution in each age category, uses pa-
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Figure 2. Comparisons between iSYS and Mediagnost RIA expressed as scatter plots (A) or Bland-Altman plots (B) for raw data, or scatter plots
(C) and Bland-Altman plots (D) for SDS showing a good overall agreement between both IGF-I immunoassays, with no significant bias
Comparisons between Liaison XL and Mediagnost RIA expressed as scatter plots (E) or Bland-Altman plots (F) for raw data, or scatter plots (G) and
Bland-Altman plots (H) for SDS showing a bad overall agreement between these two immunoassays

rameters (L, M, and S) that are specific to each assay and
also to each age group and gender. We thus propose an
online calculator available either following this link
(http://ticemed_sa.upme.fr/sd_score/) or by using Apps
(IGF-1SD_score) downloadable for Android from Google
Play and for iOS from Apple Store (free of charge),
which allows the determination of SDS as a function of
the assay method, the measured IGF-I value, gender,
and age. L, M, and S parameters are also provided in
Supplemental Table 1.

Reliable reference intervals are crucial for interpreting
IGF-I values in adults with acromegaly (for diagnosis and

assessment of disease control during treatment), and also
for diagnosing GH deficiency and monitoring GH therapy
(4, 5, 19, 20). Reference intervals obtained with the IGF-I
Nichols Advantage assay in a very large population of
healthy subjects (21) were once widely used for research
and clinical practice. However, market withdrawal of this
assay, together with the availability of numerous auto-
mated methods with considerable heterogeneity, led to
calls for improved comparability and reliable normative
data. One important first step was the creation of the re-
combinant international IGF-I standard preparation 02/
254 (22). A consensus conference held in 2011 proposed

Table 3. Agreement of Each IGF-I Assay Method Against Each of the Others, Expressed as Weighted Kappa and

Percentages of Observed Agreement

LIAISON IMMULITE Mediagnost Mediagnost IGFI-
XL iSYS 2000 ELISA RIA RIACT
LIAISON XL — 0.49 0.50 0.47 0.38 0.48
94.86% 94.83% 94.95% 94.05% 95.22%
iSYS 0.49 — 0.64 0.61 0.70 0.64
94.86% 96.08% 96.11% 97.00% 96.46%
IMMULITE 2000 0.50 0.64 — 0.61 0.58 0.64
94.83% 96.08% 95.95% 95.73% 96.32%
Mediagnost ELISA 0.47 0.61 0.61 — 0.59 0.53
94.95% 96.11% 95.95% 96.00% 95.66%
Mediagnost 0.38 0.70 0.58 0.59 — 0.48
RIA 94.05% 97.00% 95.73% 96.00% 95.22%
IGFI- RIACT 0.48 0.64 0.64 0.53 0.48 —
95.22% 96.46% 96.32% 95.66% 95.22%
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Table 4. Concordance Between IGF-I VARIETE Cohort Reference Intervals and IGF-I Reference Intervals Provided by
Each Manufacturer, Expressed as Kappa and Percentages of Observed Agreement

LIAISON IMMULITE Mediagnost Mediagnost IGFI

XL iSYS 2000 ELISA RIA -RIACT
Weighted Kappa 0.19 0.35 0.38 0.18 0.17 0.22
% of agreement 83.28 93.36 86.97 93.55 94.77 88.21

that all assays be calibrated against this standard, and
advocated precise preanalytical and analytical conditions
(1). Another recommendation was to establish normative
data based on a random selection of individuals from the
background population, with representation of all age
groups (1). The first normative data for the iSYS IGF-1
assay, based on these recommendations and on a very
large healthy population, were published by Bidlingmaier
etal (23). We now propose reference intervals for six IGF-1
assaysalso based on a large population of healthy subjects.
It should be noted that we used very stringent inclusion
criteria. Indeed, despite the large sample size (almost 1000
healthy subjects, with about 100 subjects per age group),
all the subjects had a clinical examination, including as-
sessment of gonadal status, and also a careful medical
history-taking that included ongoing medications. Fur-
thermore, all the subjects had an extensive standard bio-
logical workup to exclude those with disorders capable of
influencing IGF-1 levels or their measurement. These very
strict inclusion and exclusion criteria allow us to define a
population as “healthy” as possible; however, this implies
that these normative data will not be strictly applicable to
patients with BMI higher than 28 kg/m? or to patients with
oral treatment with estrogens.

As expected, IGF-1 concentrations fell gradually with
age in both sexes, irrespective of the assay. Contrary to
previous reports (21, 23), we found a gender difference,
with higher IGF-I levels in women than in men, whatever
the assay, until the fifth decade. After 50 years of age,
however, IGF-I levels were higher in men than in women,
as reported elsewhere (21, 23). We therefore propose sep-
arate normative data for men and women. One possible
explanation for the discrepancy between this work and
previous reports is that we excluded all subjects receiving
steroid hormones such as estrogens. Indeed, oral estrogen
is known to lower [GF-1 levels (6—8). In premenopausal
women, for example, contraceptive pills containing ethi-
nyl estradiol reduce IGF-I levels by up to an average of
30% (24-27). Another explanation might be the size of
our population. Indeed, in their study involving a larger
number of subjects (15 000), Bidlingmaier et al did not
find differences in terms of gender differences (23).

Interassay differences in IGF-I reference intervals are a
well-known issue that has previously been underlined by
one of us (28,29) and by many other researchers(2,11,23,

30, 31). In this study, as expected, the largest intercentile
intervals (and highest values) were obtained with the
two assays calibrated with the old standard IRP 87/518
(IMMULITE and IGFI RIACT). Moreover, the three au-
tomated methods (iSYS, Liaison XL, and IMMULITE),
which should theoretically be the most reproducible, did
not yield narrower reference intervals. For example, the
iSYS automated method and the Mediagnost RIA manual
method gave very similar intervals for both men and
women in all age groups. Thus, the main source of vari-
ation does not appear to be analytical reproducibility. Us-
ing the same iSYS method and a similar transformation for
normalizing data and constructing specific centile curves
inthe LMS method, our 2.5th and 97.5th percentiles were
generally slightly higher and our intervals generally nar-
rower than those reported by Bidlingmaier et al (23). Al-
though interlaboratory variability may play a role in these
discrepancies, they are likely due mainly to differences in
the population samples (our population was smaller, and
the inclusion criteria were different). Another issue raised
by our study is the poor concordance between our refer-
ence intervals and those proposed by the assay manufac-
turers. Once again, this might be related to the use of
different background populations: indeed, those used by
manufacturers may not fulfill all the criteria recommended
by the consensus group in 2011, particularly with respect
to their size, the definition of healthy subjects, and the use
of hormonal contraceptives (Supplemental Material).
Likewise, one obvious explanation for the discordance
between assays is the use of different populations to es-
tablish reference intervals. This is why we used the same
reference population for all the kits. However, although
the six assays showed comparable analytical performance
in terms of their reproducibility and detection limits (Ta-
ble 1), and despite the fact that they use the same non-
competitive “sandwich” format and similar methods to
avoid IGFBP interference (IGF-II addition), the reference
values obtained in our well-controlled adult population
differed strikingly from one assay to another. Two of the
six assays (IMMULITE and IGF-I RIACT) are still cali-
brated against the old international reference reagent IRR
87/518 standard, whereas the other four are calibrated
against the new IRR 02/254 standard, as currently rec-
ommended (1). As expected, the former two assays gave
the highest upper reference range for both sexes until the
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age of 50years (Table 2, Figure 1). However, the reference
ranges of two differently calibrated kits may be either sim-
ilar (eg, LTAISON XL and IGFI RIACT in men) or signif-
icantly different (eg, iSYS lower than IMMULITE) (Table
2). Likewise, reference ranges determined with kits cali-
brated against the same reference preparation may also be
significantly different, even for kits from the same manu-
facturer (eg, the RIA and ELISA kits from Mediagnost). It
therefore seems likely that the observed differences are
related to other analytical factors, such as the efficiency of
IGFBP interference removal and the specificity and/or af-
finity of the antibody used. For example, since the 2.5th
percentile is at least similar between the assays, the broad-
ening of the interval for the IMMULITE assay is probably
not related to the calibrator, but to relatively higher mea-
surement results at the upper end: an explanation could be
that IMMULITE assay preferentially recognizes the high
free IGF-I at high concentrations, whereas the other two
assays more efficiently remove the impact of binding
proteins.

This could have important implicationsin patients with
disorders affecting their IGFBP profile, such as acromeg-
aly and chronic kidney disease. If confirmed in further
studies, this implies that a given individual must be mon-
itored with the same IGF-1 assay.

Another limitation of our study is that it lies on a single
measurement of [GF-Iwhile it is well known that there is
some within-subject variability when an individual is sam-
pled on different days (32, 33).

What refinements may be expected in the measurement of
this very demanding analyte? The liquid chromatography
(LC) tandem mass spectometry (MS) method may prove to
be a valid alternative and is now being used to assess inter-
laboratory agreement on IGF-I concentrations (34) or for
validation of IGF-I measures (35). Reference intervals for
IGF-I provided with this LC-MS (36) seem very comparable
with those obtained with immunoassays. When compared
with our data, the lower limit of normal range is similar and
upper limit corresponds more or less with those observed
with Liaison XL or IGF1 RIACT immunoassays. However,
tandem LC-MS is a time-consuming and complex method
that requires expensive machines and high technical exper-
tise, because many variables need to be controlled for pro-
viding accurate quantitative results (eg, extraction strategies,
approaches to detect and quantify [GF-I, calibration proto-
cols) (37). Furthermore, a recent preliminary study of an
LC-MS method suggested that it might miss some IGF-I pro-
teinvariants (pathogenic or physiological), which are present
in 0.6% of the population (38). Thus, despite their limita-
tions, immunoassays will continue to be widely used, at least
in the near future (39).

press.endocrine org/journal/jcem 3457

In conclusion, we have established reference intervals
for six commercial IGF-1 assays in a study conforming to
recent international recommendations. Despite being ob-
tained in the same large population of French healthy sub-
jects, the reference intervals differed somewhat from one
assay to another, and agreement between assays was mod-
erate to good. Finally, concordances between the manu-
facturers’ reference intervals and those obtained in our
cohort were generally poor. These findings confirm the
need to establish reference intervals for each commercial
IGF-I assay in a large background population. Interassay
concordance with respect to the classification of patients
with acromegaly or GH deficiency remains to be deter-
mined, and the IGF-I standard deviation scores obtained
with the six assays in these subjects need to be compared.
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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 k coefficient; the best concordance was between
Mediagnost RIA and iSYS with a 0.81 k coefficient (excellent agreement) and the worst
concordance between iSYS and Liaison XL with a 0.50 k 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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Context: Insulinlike growth factor | (IGF-) measurement is essential for the diagnosis and
management of growth hormone (GH) disorders. However, patient classification may vary
substantially according to the assay technique.

Objective: We compared individual patient data and classifications obtained with six different IGF-I
assay kits in a group of patients with various GH disorders.

Design: In this cross-sectional study, we measured IGF-l with six immunoassays in 102 patients with
active or treated acromegaly or GH deficiency. IGF-l normative data previously established for the
same six assay kits were used to classify the patients (high, low, or normal IGF-I levels), using both raw
data and standard deviation scores (SDSs). Pairwise concordance between assays was assessed with
Bland-Altman plots and with the percentage of observed agreement and the weighted « coefficient
for categorized IGF-I SDS.

Results: We observed marked variability both across each individual’s IGF-I raw data and across IGF-I
SDS values obtained with each of the siximmunoassays. Pairwise concordance between assay values,
as assessed with the weighted « coefficient, ranged from 0.50 (moderate) to 0.81 (excellent).

Conclusion: Even when using normative data obtained in the same large population of healthy
subjects and when using calculated IGF-I SDSs, agreement among |GF-l assay methods is only
moderate to good. Differences in assay performance must be taken into account when evaluating
and monitoring patients with GH disorders. This argues for the use of the same IGF-| assay for a given
patient throughout follow-up. ( Clin Endocrinol Metab 102: 2844-2852, 2017)

nsulinlike growth factor I (IGF-I) measurement is of
Icrucial importance for the diagnosis of acromegaly
and growth hormone deficiency (GHD), as well as for
treatment monitoring (1). The Endocrine Society clinical
practice guidelines for acromegaly, and the Acromegaly
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Consensus Group, recommend IGF-I measurements rather
than random growth hormone (GH) values for diagnosis
and treatment goals (2, 3). In patients with GHD, IGF-I is
also crucial for monitoring GH replacement therapy and
for adjusting the GH dosage (4).

Abbreviations: GH, growth hormone; GHD, growth hormone deficiency, IGF-I, insulinlike
growth factor I; LC-MS, tandem liquid chromatography and mass spectrometry; SDS,
standard deviation score.
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Accurate measurement of IGF-I is a complex issue, as
the results depend on the type of analytical method. This
variability can be attributed to differences in the cali-
bration material, the epitope specificity of the different
antibodies, and interference with IGF-I binding proteins
(1, 5). A universal calibrator is crucial for assay stan-
dardization. A recent consensus statement on the
evaluation and standardization of IGF-I assays rec-
ommends the IS 02/254 World Health Organization
reference standard, a >97%-pure recombinant stan-
dard that has been well characterized by the National
Institute for Biological Standards and Control (6).

Even if they give different results, one would expect two
different IGF-I assays to classify a given patient in the same
way (high, normal, or low values). However, even when
using kits that are calibrated against the same international
standard, and the same method to remove IGF-I binding
proteins, patient classification in terms of IGF-I categories
remains variable (7-10). We suspected that a potential
reason for these discrepancies was the use of different
reference values. Indeed, it is difficult to establish IGF-I
normative data, as they depend on the choice of a healthy
reference population (6, 11, 12). Although IGF-I values
depend on many factors, such as sex, age, nutritional
status, treatments (especially hormonal medications), di-
abetes, and renal and hepatic failure, normative data used
for the different IGF-I kits were not obtained in the same,
apparently healthy, population. Furthermore, the distri-
bution of IGF-I levels in healthy populations is non-
Gaussian, and transformations are thus necessary to
obtain normal distributions and to calculate standard
deviation scores (SDSs). This prompted us to conduct the
VARIETE study (VAleurs de Référence de I'IGF-I Et
Transformation En z score) to establish normadve refer-
ence values for six IGF-l immunoassays in the same healthy
adult population, using the same statistical method to
calculate SDSs (13). We postulated that this would help to
longitudinally assess disease control in a given patient using
the IGF-1 SDSs, even if IGF-I was measured with more than
one assay during follow-up.

In the current study, we measured IGF-I with the same
six kits in 102 patients with acromegaly or GH deficiency,
and used the age- and sex-adjusted normative reference
values from the VARIETE study to compare the raw data
and SDS values obtained for each patient with each assay.
We thus determined whether the patients’ classifications
were concordant.

Subjects and Methods
Study population

One hundred two patients (57 men and 45 women) be-
longing to the cohort of Service d’Endocrinologie et des

https://academic.oup.com/jcem 2845

Maladies de la Reproduction of Hépitaux Universitaires Paris-
Sud (Bicetre Hospital), Le Kremlin-Bicétre, France, were en-
rolled in the study between December 2013 and March 2014.
Fifty-six patients had acromegaly. Thirty-two patients had a
blood sample taken at diagnosis (n = 11) or after incomplete
surgery and before initiation of medical treatment (n = 21), and
24 patients were sampled during follow-up on medical treat-
ment (cabergoline alone, n = 1; somatostatin analog alone,
n = 10; pegvisomant alone, n = 9; somatostatin analog and
cabergoline, n = 3; and somatostatin analog and pegvisomant,
n = 1) but with variable disease control (because of treatment
modification, reinforcement, or titration, or because they were
resistant to medical treatment). Diagnosis of acromegaly was
based on clinical criteria, unsuppressed GH in the oral glucose
tolerance test, IGF-I elevation, and imaging or histologic proof
of a somatotroph pituitary adenoma after surgery (2, 14, 15).
Fourteen patients had GHD, either confirmed by a serum GH
peak less than 5 pg/L after the insulin tolerance test (six patients)
or strongly suggested by deficiencies in at least three other pi-
tuitary functions (4). Another 32 patients had other pituitary or
endocrine disorders and were tested for suspected acromegaly
or GHD. The patients’ characteristics are summarized in
Table 1. Each patient underwent a clinical examination, had a
personal medical history obtained and was sampled at 8:00 am
after an overnight fast. Six patients had serial IGF-I measure-
ments with three to six IGF-I assays (at diagnosis, after pituitary
surgery, and during medical treatment with somatostatin an-
alogs). All the patients gave their written informed consent to
participate in the study, which was approved by the Paris-Sud
Ethics committee.

In each patient, IGF-I values were measured with the six
assay kits (see later) used in the recently published VARIETE
study (13). The main characteristics of the assays are shown in
Supplemental Table 1.

Normative reference range

The normative reference data that we used to classify pa-
tients as having “normal,” “high,” or “low” IGF-I levels were
obtained in the VARIETE study (13). In brief, this study was a
cross-sectional, multicenter (24 centers), nationwide French
cohort study (ClinicalTrials.gov no. NCT01831648) designed
to develop reference normative sex- and age-adjusted IGF-I data
for the adult general population for each of the different assay
techniques widely used in everyday clinical practice in France.
The objective of this study was also to propose formulas for
calculating IGF-I SDSs, taking into account the non-normal
distribution of IGF-I levels in the healthy population. The study
population consisted of 911 subjects (470 males), comprising
101, 118, 99, 98, 103, 102, 108, 97, and 85 subjects in the 18-
to 20-, 21- to 23-, 24- to 26-, 27- to 29-, 30- to 39-, 40- to 49-,
50- to 59-, 60- to 69-, and 70- to 89-year age groups, re-
spectively. Serum IGF-I was measured with the following six
assay kits: iSYS (ImmunoDiagnostic Systems, Boldon, United
Kingdom), Liaison XL (Diasorin, Saluggia, Italy), Immulite
2000 (Siemens, Erlangen, Germany), IGF-I RIACT (CIS BIO,
Gif sur Yvette, France), Mediagnost ELISA, and Mediagnost
RIA (Mediagnost, Reutlingen, Germany). IGF-I values were
then matched in 3-year groups between 18 and 30 years of age
and 10-year groups between 30 and 90 years, and mean and
median values as well as the 2.5th and 97.5th percentiles were
calculated. For each sex and age category, the distribution of
measurements was normalized by means of sex- and age-specific
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Patient Classification With Different IGF-I Assays

Table 1. Characteristics of the 102 Patients With
Various GH Disorders in Whom IGF-1 Was Measured
With the Six IGF-1 Inmunoassays

Males Females

Characteristics (n=57) (n = 45)
Age, y 47.1 (19-72) 43 (24-78)
Acromegaly (n = 56)

Treated , n 11 13

Untreated, n 17 15
GHD (n = 14)

GH-treated, n 0 1

Untreated, n 11 2
Suspicion of GH 18 14

disorder (N = 32), n

Cox-Box power transformation to calculate SDSs. As men and
women had significantly different IGF-I levels, curves were
constructed separately using the LMS method.

The VARIETE study thus established age- and sex-specific
adult normative data for the six commercial IGF-I assays, in-
cluding the range of values from the 2.5th to the 97.5th per-
centile in mass units, and provided a formula for calculating
SDSs. A calculator available online (http:/ticemed_sa.upmc.fr/
sd_score/) or as an app (IGF-I_SD_score) downloadable for
Android from Google Play and for iOS from the Apple Store
(free of charge) yields individual IGF-I SDSs after entering the
name of the assay, the individual’s IGF-I value obtained with the
assay, and the sex and age of the individual.

Statistics

Data were analyzed with Statistical Analysis System software
(version 9.4; SAS Institute, Cary, NC). We used scatter plots and
Bland-Altman plots to assess pairwise concordance between
assays, both for IGF-I raw values and SDS values. We classified
the IGF-I results in three categories, high (SDS >+1.96), normal
(SDS between -1.96 and +1.96), and low (SDS <-2), and
evaluated pairwise agreement by means of the linearly weighted
K coefficient.

To interpret the « coefficient, we used the Fermanian scale
(16, 17), with k values >0.80, between 0.61 and 0.80, between
0.41 and 0.60, between 0.21 and 0.40, between 0.01 and 0.20,
and <0.01 signifying almost perfect, substantial, moderate, fair,
slight, and poor agreement, respectively.

Results

Variability of individual IGF-1 SDS values according to
the IGF-I assay

Variability between each individual’s IGF-I SDS ob-
tained with each of the six immunoassays is illustrated in
Fig. 1 for the 57 male patients and the 45 female patients.
Many patients were inconsistently classified, particularly
when IGF-I values were close to the reference range.

In six prospectively followed patients with acro-
megaly, IGF-I was measured on three occasions (at
diagnosis, after surgery, and at follow-up, generally
under medical treatment) with between three and six of
the IGF-I assays (Fig. 2). With the exception of one

J Clin Endocrinol Metab, August 2017, 102(8):2844-2852

patient in whom two of the three assays used at di-
agnosis gave a high IGF-1 SDS, IGF-1 SDSs were gen-
erally concordant in the elevated levels. In three out of
six patients with borderline IGF-I1 SDS after surgery,
IGF-I SDS was either normal using some assays, sug-
gesting that the patient was cured, or moderately ele-
vated using other assays, suggesting that the patient
had persistent active disease. At follow-up under
treatment, when IGF-I SDS was borderline, some as-
says classified the patient as “controlled,” although
others gave a low SDS.

Percentages of patients classified as having normal,
high, or low IGF-I levels in the different IGF-1 assays

The percentages of patients classified as having high
(>+1.96), normal (between —1.96 and +1.96), and low
(<-1.96) SDS values are shown in Fig. 3. The iSYS and
Mediagnost RIA kits classified fewer patients as having
“normal” levels (33% and 35%, respectively, vs 46% to
49% for the other assays) and, on the contrary, more
patients as having “high” IGF-I values (54% and 51%,
respectively, vs 30% to 39%). On the other hand, IGF-I
RIACT and Liaison XL were more likely to classify the
patients as having “low” IGF-I levels (20% and 23%,
respectively, vs 13% to 16%).

Pairwise correlations between raw data and z scores
obtained with the six IGF-l inmunoassays

The results obtained with each IGF-I assay were
compared with those obtained with each of the other five
assays. Scatter plots and Bland-Altman plots based on
raw values and SDSs for each pair of assays are shown in
Supplemental Fig. 1.

Two examples of interassay comparisons are shown in
Fig. 4. The results obtained with iSYS and Mediagnost
RIA were in good overall agreement, with no significant
bias on Bland-Altman plots [Fig. 4(a—d)]. Indeed, the
discrepancy around the mean difference (average dif-
ference) line was quite stable when the average value
increased, without very wide limits of agreement, and
with consistent variability across the graph. In contrast,
the results obtained with Liaison XL and iSYS were not
in good agreement, as the mean difference line was
clearly different from zero and as iSYS tended to
overestimate IGF-I values by comparison with Liaison
XL, an effect that was accentuated as the average value
increased, especially for raw data [Fig. 4(e-h)].

Pairwise assay concordances (weighted x coefficient)
for categorized IGF-I SDS values are shown in Table 2.
The best concordance was found between iSYS and
Mediagnost RIA, with a k coefficient of 0.81. Very good
agreement was also observed between Immulite and
Mediagnost ELISA (x coefficient, 0.77), Mediagnost
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Figure 1. Variability among the six immunoassay SDS values for each of the 45 female patients (upper panel) and the 57 male patients
(M; lower panel) with IGF-I disorder ranked by IGF-I Immulite 2000 decreasing value. Each assay is assigned a colored symbol.

ELISA and IGF-I RIACT (k coefficient, 0.77), Immulite
and Liaison XL (k coefficient, 0.76), and Mediagnost
ELISA and RIA (k coefficient, 0.76), as well as between
IGF-I RIACT and iSYS or Mediagnost RIA (x coefficient,
0.71). The poorest concordance was observed between
iSYS and Liaison XL (k coefficient, 0.50), Mediagnost
RIA and Liaison XL (k coefficient, 0.51), and iSYS and
Immulite (x coefficient, 0.55) (Table 2).

When we limited the assessment of concordance to
the group of patients with acromegaly (n = 56), the

best pairwise agreement was again between iSYS and
Mediagnost RIA, with a weighted « coefficient of 0.81,
whereas the worst agreement was between Liaison XL
and iSYS and between Immulite and Mediagnost ELISA
(k coefficient, 0.41 for both).

Concordance between assays according to IGF-1 SDS
classes (high, normal, and low)

We analyzed concordance according to IGF-I SDS
classes (high, >1.96; normal, between —1.96 and 1.96;
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Figure 2. Variability of SDS values obtained with each of the six immunoassays in six patients with acromegaly, at three points of follow-up: diagnosis
of acromegaly (Preop.), immediately after surgery (Postop. 3d), and at follow-up, generally under medical treatment. Horizontal lines represent the
normal range from +2 to -2 standard deviations. Each assay is assigned a different colored symbol. Postop. 3m., 3 months after surgery.

and low, <-1.96). The three classes were those obtained
initially with Immulite assay. Due to the small numbers, it
was not always possible to calculate x values for all
comparisons. Thus we also calculated the concordance in
terms of similar classification (as high, normal, or low
values) between assays. The results are indicated as the
ratio of concordant to total results in Supplemental
Tables 2 to 7.

For low values (SDS < 1.96), assays are relatively
concordant with only one or two patients (out of 11 to
14) who are discordantly classified by two assays
(Liaison XL and iSYS, iSYS and Immulite, Liaison XL
and Mediagnost ELISA, and Immulite and Mediagnost
ELISA).

For “normal” IGF-I SDSs (between —1.96 and 1.96),
concordances (as assessed by k values) are generally weak
or poor. In general, at least six patients out of around
40 are misclassified according to the assay that is used.

For high IGF-I SDSs (>1.96), numbers used for
comparisons are variable (n = 16, 24, and 31). In the
majority of cases, only one or two assays give different
classification. There are more than three misclassified
patients when comparing Liaison XL and iSYS, Liaison
XL and Immulite, Liaison XL and Mediagnost ELISA,

Liaison XL and Mediagnost RIA, and Mediagnost RIA
and IGF-I RIACT. Finally, when assays give concordant
results, they are more often in the high values of the
techniques.

Discussion

Our results show significant variability among six
commercial immunoassays for the determination of in-
dividual IGF-I1 SDS values and IGF-I classification of 102
patients with various GH disorders, despite the use of
normative reference intervals obtained, for each of the six
assays, in the same, large, well-selected population of
healthy French adults (13), as recommended by the
Consensus Group on the Standardization and Evaluation
of GH and IGF-I Assays (6).

Reliable normative reference intervals are necessary
for the diagnosis of acromegaly and GHD, for the follow-
up of patients with GH disorders, and for the detection of
remission and recurrence of GH-related diseases. In
2011, a consensus statement on the standardization and
evaluation of GH and IGF-I assays proposed the use of
the international recombinant IGF-I calibration standard
preparation 02/254 and emphasized the importance of
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Figure 3. Percentages of patients with normal, low, and high IGF-I levels according to each of the six IGF-l immunoassays.

antibody specificity, quality control analysis, and the
elimination of interference with binding proteins. It also
emphasized the importance of obtaining normative data
based on a random selection of individuals from the
background population, representing all age groups,
after exclusion of individuals with poorly controlled
diabetes or renal or hepatic failure or taking medications
(such as estrogen) that could affect outcome.

Based on this consensus statement, Bidlingmaier et al.
(18) published normative data for the iSYS IGF-I assay
obtained in a cohort of 15,014 healthy subjects, while we
recently proposed IGF-I reference intervals obtained with
six widely used immunoassays in the same population of
911 healthy French adults aged from 18 to 92 years, as per
the consensus recommendations (13). The inclusion criteria
were strict, with careful clinical evaluation, a medical
history-taking that included ongoing treatments, and ex-
clusion of subjects receiving steroid hormones. In addition,
separate curves were constructed for each sex, in view of
significantly different IGF-I levels between men and women.
Normative data ranged between percendles 2.5 and 97.5
and were reported in mass units and SDSs. Nevertheless,
although we ensured the same preanalytical conditions for
all six immunoassays, and although four of the six assays
were calibrated against the same international reference
standard 02/254, concordance across the assays remained
variable, both for raw data and IGF-I SDSs (13).

To extend the results of our study of healthy in-
dividuals to the clinical setting, we created a group of
patients of both sexes (57 males and 45 females)
encompassing the whole spectrum of serum IGF-I levels,
from very low (severe GHD) to very high (highly active
acromegaly), representing the everyday practice of lab-
oratories involved in IGF-I measurement. We therefore
analyzed the concordance between the results obtained
with each of the six assays in each of the 102 patients.

Pairwise agreement between the assays ranged from
moderate to excellent. The best concordance was observed
between iSYS and Mediagnost RIA. These two immuno-
assays, calibrated against the same international standard
02/254, classified fewer patients than the other four assays
as “normal,” and more patients as having “high” IGF-I
serum levels. In the VARIETE study, the largest intercentile
intervals and highest absolute values (in micrograms per
liter) were obtained with Immulite and IGF-I RIACT, the
two immunoassays calibrated against the old standard
International Reference Preparation 87/518 (13). However,
when using SDSs in the present group of patients, instead of
absolute mass values, these two immunoassays classified
similar percentages of patients as having “normal” IGF-I
levels as the Liaison XL assay and Mediagnost ELISA.
Moreover, the three automated assays (Immulite, Liaison
XL, and iSYS) did not show excellent pairwise concor-
dance: The pairs Liaison XL/ASYS and Immulite/iSYS
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Figure 4. Comparisons between iSYS and Mediagnost RIA expressed as (a) scatter plots and (b) Bland-Altman plots for raw data, or (¢) scatter
plots and (d) Bland-Altman plots for SDSs, showing excellent overall agreement between the two immunoassays. Comparisons between Liaison
XL and iSYS expressed as (e) scatter plots and (f) Bland-Altman plots for raw data, or (g) scatter plots and (h) Bland-Altman plots for SDSs,

showing moderate overall agreement between these two immunoassays.

exhibited only moderate agreement (x coefficients, 0.50 and
0.35, respectively), and only the pair Immulite/Liaison XL
showed substantial agreement (k coefficient, 0.76).

This lack of concordance between certain assays has
already been reported (7-10): One possible explanation was
that the populations used to establish normative data were
different or that the quality of these normative data were
suboptimal (too few patients studied, particularly in certain
age ranges; bias; failure to select healthy subjects with regard
to concurrent treatments or medical conditions interfering
with IGF-I measurement; etc.) (S, 6, 11, 12, 19). This is why
we used the same large healthy population to establish
normative data for the six immunoassays used here. Despite
this, discordant results persisted between some assays, with
some pairs being clearly more discordant than others.

Another possible explanation for the lack of concor-
dance is a difference in the technical procedure (3, 6, 12,
19). In the current study, the preanalytic procedure was
exactly the same, and only the analytic procedure therefore

differed. As underlined in our study of healthy volunteers,
in which we also found such discordances (13), the most
plausible explanation lies in the capacity of the assay to
remove insulinlike growth factor binding proteins and the
specificity and performance of the antibody. This may be
particularly true for high IGF-I values, which are usually
associated with high levels of insulinlike growth factor
binding protein 3.

These results confirm that, even when using normative
values established in the same population of healthy
subjects, IGF-I results obtained with different assays in a
given individual, whether healthy (as in the VARIETE
study) or having a GH-related disorder (as in the current
study), are sometimes very different, potentially leading
to patient misclassification.

Itis crucial to understand the reasons behind differences
in the results of commercial IGF-I immunoassays. Assays
with similar characteristics must be used for the follow-up
of a given patient. Assays that tend to overestimate or

Table 2. Agreement Between IGF-1 Assay Methods, Expressed as Weighted « Coefficient

« Coefficient Liaison XL iSYS Immulite 2000 Mediagnost ELISA Mediagnost RIA IGF-1 RIACT
Liaison XL 0.50 0.76 0.67 0.51 0.64
iSYS 0.50 0.55 0.69 0.81 0.71
Immulite 2000 0.76 0.55 0.77 0.62 0.65
Mediagnost ELISA 0.67 0.69 0.77 0.76 0.77
Mediagnost RIA 0.51 0.81 0.62 0.76 0.71
IGF-1 RIACT 0.64 0.71 0.65 0.77 0.71
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underestimate IGF-I values by comparison with other
techniques must be clearly identified. Tandem liquid
chromatography and mass spectrometry (LC-MS) may or
may not prove to be a valid alternative (20, 21). Reference
intervals obtained with LC-MS seem very similar to those
obtained with immunoassays (22). However, LC-MS is a
time consuming and complex method that requires ex-
pensive machines and technical expertise to control the
many variables that can influence the results (23). Thus,
despite their limitations, immunoassays will continue to be
widely used, at least in the near future.

In conclusion, IGF-I levels obtained with six commercial
IGF-I immunoassays widely used in clinical practice, and
calculated IGF-I SDSs, were quite variable in padents with
GH-related disorders, despite the use of normative refer-
ence intervals obtained in the same large, well-defined
populadon of French healthy adults. It is not possible,
according to the results of this study, to recommend one
assay or the other. From a practical point of view, very high
levels or very low levels of IGF-I are generally concordant,
whatever the assay that is used, and classification of pa-
tents as having active acromegaly or severe GH deficiency
is generally similar. On the contrary, when IGF-1I levels are
borderline, classification may differ from one assay to the
other. This requires caution in interpretation of borderline
IGF-I levels. In this context, we do not recommend to
follow a patient and to take therapeutic decisions based on
IGF-I SDSs calculated with one assay one day and another
assay another day. On the contrary, a given patient should
preferably be monitored with the same IGF-I assay.
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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 '°*'"°. The exact prevalence varies in different studies,
according to ethnicity and iodine status but is mostly related to detection method (autopsy,
imaging, palpation) ""'. Autopsy and ultrasound series report a prevalence of thyroid
nodules as high as 60%, while palpation series find a prevalence of 3-6% 091113 A
recent meta-analysis including 102 epidemiological studies, estimated a total prevalence
of thyroid nodules of 24.83% (95% CIl 21.44-28.55) in the adult general population
including all detection methods '™

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) M58 _Still, most thyroid nodules are of benign nature and remain asymptomatic, while
10-13% regress spontaneously 7119,

Malignancy rates of incidentally discovered nodules are estimated at 5-13% 8120121,
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 '%.

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 ',

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 '?*. 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 25126,

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 '2-'?°. 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 '2'?_ |f 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 27129,

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 '#"'313% 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 ?"'32, 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 ¥ (Table 1).

FNA cytology specimens are categorized according to the Bethesda System for
reporting thyroid cytology in 6 categories: Bethesda | (non-diagnostic, with a ROM of 5-
20%), Bethesda Il (benign, with a ROM of 2-7%), Bethesda Il (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%) '#"'*¢_ While surveillance is suggested for nodules that
are found to be benign on FNA cytology (Bethesda Il), surgery is indicated for Bethesda V
and VI nodules. For categories Bethesda Ill (confirmed twice) and IV, FNA cytology is
considered non-diagnostic or indeterminate and management is more complex, with
diagnostic lobectomy being the recommended option '#"'2°_ Still, due to the low ROM of
these categories, most of Bethesda Il or 1V thyroid nodules, are found to be histologically

benign after surgery.

US EU-TIRADS Category US Characteristics Size cut-offs for FNA ROM
EU-TIRADS 2 anechoic or entirely spongiform No FNA =0%
EU-TIRADS 3 isoechoic or hyperechoic >20 mm 2-4%
EU-TIRADS 4 moderately hypoechoic >15mm 6-7%
EU-TIRADS 5 at least 1 high-risk feature among: >10 mm 26-87%

marked hypo-echogenicity,
irregular margins,
microcalcifications,
non-oval shape

Table 1: Ultrasound classification of thyroid nodules according to the EU-TIRADS system
with size cut-odds for FNA and rates of malignancy (ROM)

ii.  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 '¥. 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% "%,

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) '*2. 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 .
Reproducibility of RSSs also seems to be higher for high- and intermediate- suspicious
nodules and worse for low-suspicious nodules °. The number of high-risk signs present
for a nodule to be classified as EU-TIRADS 5 also helps to stratify ROM "*°. 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 (Al) 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 '#"'2, Most Al 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 Al-assisted diagnostic techniques for diagnosis of malignant
versus benign nodules. Al-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 444,

Thyroid nodules with indeterminate results on FNA cytology (Bethesda Ill and 1V)
represent 10-40% of FNA procedures in literature and carry a ROM of 13-30% and 23-
34% respectively '*°. 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 Il or IV nodules on FNA cytology. In this cohort, there were 174 (17.2%)
Bethesda lll and 168 (16.6%) Bethesda IV thyroid nodules but only 36% and 74% of them
had surgery °. Final histology yielded benign results in 81% and 76% of operated
Bethesda lll 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 lll and 64.9% for Bethesda IV nodules and unnecessary surgery due to two-step
total thyroidectomy was 1.9% and 3.5% respectively '*°.

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 Ill and 1V) for surgery 5% 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 . 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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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 Ill and 1V), in 10-40% of patients. Rate of malignancy (ROM) in
these non-diagnostic categories is 13-30% for Bethesda Ill 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 Ill 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 Il 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 Ill 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 Il 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 lll and V).
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Abstract

Background: Molecular tests for suspicious thyroid nodules decrease rates of Keywords
unnecessary surgeries but are not widely used due to reimbursement issues. The aim of  » Bethesda lll
this study was to assess the rate of unnecessary surgery performed in real-life setting for  » Bethesda Iv

Bethesda III, IV and V nodules in the absence of molecular testing. » unnecessary thyroid
Method: This is a single-center retrospective study of consecutive patients undergoing surgery
fine needle aspiration cytology (FNAC) with rapid on-site evaluation between January > rate of malignancy

2017 and December 2021. Unnecessary surgery was defined as surgery performed
because of Bethesda lll, IV, or V results in the absence of local compressive symptoms
with final benign pathology and as second surgery for completion thyroidectomy.
Results: In the 862 patients (640 females, mean age: 54.2 years), 1010 nodules (median
size: 24.4 mm) underwent 1189 FNAC. Nodules were EU-TIRADS 2, 3, 4, and 5 in 3%,
34%, 42%, and 22% of cases, respectively. FNAC was Bethesda |, II, Ill, IV, V, and VI in 8%,
48%, 17%, 17%, 3%, and 6%, respectively. Surgery was performed in 36% of Bethesda

Il nodules (benign on pathology: 81%), in 74% of Bethesda IV nodules (benign on
pathology: 76%) and in 97% of Bethesda V nodules (benign on pathology: 21%). Surgery
was considered unnecessary in 56%, 68%, and 21% of patients with Bethesda IlI, IV, and
V nodules, respectively.

Conclusion: In this real data cohort surgery was unnecessary in more than half of patients
with Bethesda Il and IV nodules and in 21% of patients with Bethesda V nodules.

Introduction

Thyroid nodules are common, being palpable in 5% of  then treated with surgery, active surveillance, or local
adults and present in more than 60% of adults on high- treatment, depending on the size of the nodule (3, 4, 5, 6).
frequency ultrasound (US) of the neck (1, 2). Five to Given the high rate of thyroid nodules, most of which are
10% of these nodules are malignant, and patients are  benign, to reduce fine needle aspiration cytology (FNAC)

https://etj.bioscientifica.com 2023 the author(s) This work is licensed under a Creative Commons
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and unnecessary surgery, ultrasound scores are used to
determine which nodules should undergo FNAC and
the Bethesda classification is used to assess management
based on the risk of malignancy (7, 8). Suspicious nodules
with Bethesda III, Bethesda IV, and Bethesda V cytology,
which represent 25-40% of all thyroid nodules and carry
a risk of malignancy of 10-30%, 25-40%, and 50-75%,
respectively, are often considered for diagnostic surgery.
Furthermore, because malignancy is not diagnosed
preoperatively, a lobectomy is the surgical procedure
performed in most cases and depending on the final
pathology and risk of recurrence classification, a second
surgery may be necessary to complete total thyroidectomy.
Preoperative molecular analyses are now available for
suspicious nodules (9, 10, 11). With a sensitivity for
cancer diagnosis of 91-95% and a specificity of 82-90%,
their use reduces the rate of unnecessary surgery by 50%
(12). Their benefit to the patient is obvious. However,
they are not widely used in Europe due to their price
and reimbursement issues. They are considered cost-
effective in the U.S. through studies based on simulation
cost analysis with theoretical models including thyroid
nodule management based on guidelines and
performance of molecular testing derived from clinical
studies (13, 14, 15). Calculations of cost-effectiveness
based on the assumption that, in the absence of
molecular testing, all indeterminate thyroid nodules
would be treated with diagnostic surgery are inaccurate
because this assumption is erroneous. Furthermore,
in this setting, if every positive molecular test leads to
surgery, overtreatment could be an issue. Indeed, in a
retrospective study comparing the management and cost
of care of consecutive patients seen before and after the
introduction of ThyroSeq v2, the rate and overtreatment
only slightly decreased from 19% in the absence of
molecular testing to 17% with the use of molecular testing
with an overall rate of malignancy that remained equal
and an average cost per thyroid cancer that increased by
47% (16). Although results would most probably differ
with the use of more recent and accurate molecular
tests, cost analysis should also consider follow-up after
first management decisions. In order to evaluate the
impact of molecular testing, assessing management in a
real-world setting would be helpful.

The objectives of this study were to characterize
consecutive nodules undergoing FNAC and to evaluate,
in a real-life setting, the rate of unnecessary surgery
performed for Bethesda III, IV, and V nodules in the
absence of molecular testing.

Materials and methods

Study design and participants

This is a single-center retrospective study including data
from consecutive patients who underwent ultrasound
guided FNAC between January 2017 and December 2021
in the endocrinology and radiology division of Geneva
University Hospital. Nodules diagnosed as intrathyroid
metastases of nonthyroid malignancy and nodules with
missing data on EU-TIRADS score and size were excluded.

The objectives of this study were to assess the
rate of malignancy among nodules that underwent
FNAC and among nodules that underwent surgery
according to their EU-TIRADS and Bethesda results and
to evaluate the rate of unnecessary surgery performed
in a real-life setting for Bethesda III, IV, and V nodules
in the absence of molecular testing.

The study was approved by the Swiss Ethics
Committee in compliance with the Declaration of
Helsinki; a waiver of informed consent was granted as the
study was determined to involve no risk to the subjects
included by using existing medical file information.

FNA cytology

FNA were performed in the endocrine and radiology
divisions under US guidance. Nodules were classified
according to the EU-TIRADS score (8).

Rapid on-site evaluation was provided in all cases,
to determine validity of samples. FNAC samples were
collected to prepare four to six slides immediately
fixed in methanol for conventional smears. Material
remaining in the needle was rinsed and collected
in CytoLyt for ThinPrep slide preparation (Hologic,
INC.). All conventional and liquid-based cytological
smears were stained with Papanicolaou stain. Cytological
features were evaluated and reported according to the
criteria defined by The Bethesda System for Reporting
Thyroid Cytopathology, second edition (17).

Surgical procedures

Indications for surgery included local symptoms and/
or suspicious Bethesda III, IV, V, or VI results. In case of
unilateral Bethesda III, IV, V nodules and in the absence of
local compressive symptoms or voluminous contralateral
nodules, a lobectomy was performed. In case of Bethesda
VI result, in nodules of 2 cm or less and in the absence

© 2023 the author(s)
Published by Bioscientifica Ltd.

https://etj.bioscientifica.com
https://doi.org/10.1530/ET)-23-0114

This work is licensed under a Creative Commons
@ ® Attribution 4.0 International License.
BY

67



JOURNAL

of abnormal neck lymph node on US, a lobectomy with
a prophylactic central ipsilateral neck lymph node
dissection was performed. In case of Bethesda VI result
in nodules larger than 2 cm, a total thyroidectomy with
central ipsilateral neck lymph node was performed.
Completion total thyroidectomy was proposed after
lobectomy in case of cancer larger than 2 cm or
metastatic lymph nodes.

Histology

Surgical specimens were formalin fixed and paraffin
embedded. Nodules were classified according to the
WHO 2017 criteria (18). For encapsulated neoplasms,
the capsule was entirely submitted for histological
examination. Diagnosis of noninvasive follicular thyroid
neoplasms with papillary-like nuclear features (NIFTP)
was based on WHO 2017 criteria (18). The regrouping of
NIFTE, thyroid tumors of uncertain malignant potential
(TUMP), and trabecular hyalinizing tumors within
the low-risk neoplasms was done according to the
WHO 2022 classification (19).

Data review

In the case of a first Bethesda I or Bethesda III cytology
with repeated FNAC, the nodule was classified according
to the results of the last cytology, with the exception
of a last Bethesda I result, in which case the nodule
remained in its first category. If no second FNAB
was performed, the nodule was classified according to the
only cytology result available.

Only the pathology result of the thyroid nodule
that underwent FNAB was considered: if a cancer was
incidentally found on pathology in addition to the
benign nodule biopsied, the specimen was considered
benign.

Evaluation criteria

The rate of malignancy for each EU-TIRADS category
and each Bethesda class was calculated for nodules that
underwent surgery and for all nodules that underwent
FNAC. Nodules examined with FNAC without surgery
were considered benign in this latter analysis. For
EU-TIRADS § nodules, the rate of malignancy was
also calculated according to the number of suspicious
signs: solid hypoechoic, microcalcifications, irregular
borders, taller than wide.

Unnecessary surgery was defined as surgery
performed in patients without local compressive

symptoms for Bethesda III, IV, or V nodules that were
proved to be benign at final histology. A second surgery
for completion thyroidectomy due to malignancy at
initial lobectomy was also defined as unnecessary.

Statistical analysis

A descriptive analysis was done, with baseline
characteristics reported as mean + S.D., median
(interquartile range), or number (%), as appropriate.
Statistical analyses were performed in SPSS version
X and in Stata version 17.0 SE. The association
between EU-TIRADS score and rate of malignancy in
Bethesda III, IV, and V nodules was evaluated with
a Fisher’s exact test. P-values <0.05 were considered
statistically significant.

Results

Patients and nodules

Of the 870 patients who underwent FNAC between
January 2017 and December 2021, 862 met the inclusion
criteria (Fig. 1). In these patients, 1189 FNACs were
performed in 1010 nodules (640 females, mean age: 54.2
years; range: 12.9-92).

Nodule characteristics, including size, EU-TIRADS
score, and Bethesda classification, are detailed in
Table 1. EU-TIRADS scores 3 and 4 were the most common
among nodules (33.5% and 41.9%, respectively), and
suspicious findings on the FNAC specimen, i.e. Bethesda
I (17.2%), IV (16.6%), and V (3.0%), represented
36.8% of the total specimens.

Of the 100 nodules with a first Bethesda I result, 29
underwent a second procedure classified as Bethesda [ in
12 cases, Bethesda II in 7 cases, Bethesda III in 9 cases,
and Bethesda IV in 1 case. Of the 228 nodules with a first
Bethesda III result, 114 underwent a second procedure

1020 nodules in 870 patients

Exclusion of 3 nodules in 3 patients because of
missing data

1017 nodules in 867 patients
Exclusion of 7 nodules in 5 patients because of
extra-thyroid malignancy diagnosis on FNA
1010 nodules in 862 patients

Figure 1
Flowchart of the nodules and patients included.
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Table 1 Nodule characteristics. Data are presented as mean
+S.D.orasn(%).

Nodule Nodules not Nodules
characteristics All operated operated
Number of nodules 1010 669 341
Median size (mm) 244 +11.8 22+11.9 21+ 11.7
Laterality, n (%)
Right 508 (50.3) 348 (52) 160 (46.9)
Left 465 (46) 299 (44.7) 166 (48.7)
Isthmus 37(3.7) 22(3.3) 15(4.4)
EU-TIRADS score, n (%)
2 30(3.0) 25(3.7) 5(1.5)
3 338(33.5) 253(37.8) 85(24.9)
4 423 (41.9) 277 (41.4) 146 (42.8)
5 219(21.7) 114(17.0) 105 (30.8)
Bethesda score, n (%)
| 84(8.3) 65(9.7) 19(5.6)
1l 489 (48.4) 438 (65.5) 51(15.0)
1l 174(17.2)  112(16.7) 62(18.2)
v 168 (16.6) 44 (6.6) 124 (36.4)
\ 30(3.0) 1(0.1) 29(8.5)
\ 65 (6.4) 9(1.3) 56 (16.4)

classified as Bethesda I in 7 cases, Bethesda II in 46 cases,
Bethesda I1l in 45 cases, Bethesda IV in 13 cases, Bethesda
Vin 2 cases and Bethesda VIin 1 case.

Surgery

Surgery was performed in 287 (33.3%) patients with 341
(33.8%) nodules of which 36% were Bethesda III nodules,
74% were Bethesda IV nodules and 97% were Bethesda V
nodules. Surgery consisted of lobectomy in 163 (56.8%)
cases and total thyroidectomy in 124 (43.2%) cases.
Based on the final pathology of the nodule, a completion
thyroidectomy was performed in 12 cases. Final pathology

was benign in 219 (64.2%) cases, low-risk neoplasm in 21
(6.2%) cases (NIFTP: 19 cases, TUMP: 1 case, hyalinizing
trabecular tumor: 1 case) and malignant in 101 (29.6%)
cases (papillary thyroid cancer: 79 cases; follicular
thyroid cancer: 10 cases; oncocytic cancer: 5 cases;
poorly differentiated thyroid cancer: § cases; medullary
thyroid cancer: 1 case and intrathyroidal metastasis
from renal carcinoma not diagnosed at cytology:1 case).
Rates of malignancy (malignancy only and
malignancy plus low-risk neoplasm) in the operated and
all nodules according to EU-TIRADS classification and
Bethesda classification are detailed in Tables 2, 3, and 4
and Supplementary Table 1 (see section on supplementary
materials given at the end of this article). Rate of
malignancy in operated nodules, and including cancer
only was 0% in EU-TIRADS 2 nodules, 11.9% in EU-TIRADS
3, 32.3% in EU-TIRADS 4, and 55.2% in EU-TIRADS §
nodules. These rates were 0% for Bethesda I nodules, 2%
for Bethesda II, 16.1% for Bethesda III, 14.5% for Bethesda
1V, 58.6% for Bethesda V, and 98.2% for Bethesda VI
nodules. Rates of malignancy, considering cancer only,
among operated nodules that had 1, 2, 3, or 4 signs of
EU-TIRADS 5 score were 48%, 44%, 75%, and 100%.
Combining EU-TIRADS score with Bethesda
classification only slightly changed the rate of malignancy
for Bethesda III, IV, and V nodules with a rate of
malignancy in case of EUTIRADS § nodules compared to
EUTIRADS 3 nodules of 7% vs 4% for Bethesda III cytology
for all nodules undergoing FNAC and 19% vs 11% for all
nodules undergoing surgery, 21% vs 14% for Bethesda IV
cytology for all nodules undergoing FNAC and 29% vs.
21% for all nodules undergoing surgery, 75% vs 71% for
Bethesda V cytology for all nodules undergoing FNAC

Table 2 Rates of malignancy (ROM) according to EU-TIRADS and Bethesda scores.

Nodule characteristics Final pathology of nodules, n

ROM in operated nodules, % ROM in FNAC nodules, %

n operated/total n (%) Benign LRN  Malignant

Malignant+ LRN ~ Malignantonly ~ Malignant+LRN  Malignant only

EU-TIRADS score

2 5/30(16.7) 5 0 0
3 85/338 (25.1) 70 5 10
4 146/423 (34.5) 102 1" 33
5 105/219 (47.9) 42 5 58
Bethesda score
| 19/84 (22.6) 19 0 0
1l 517489 (10.4) 50 0 1
1] 62/174 (35.6) 50 2 10
v 124/168 (73.8) 94 12 18
v 29/30(96.7) 6 6 17
Vi 56/65 (86.2)%* 0 1% 55

0 0 0 0
17.6 11.9 4.4 3.0
301 323 104 7.8
60 55.2 28.8 26.5

0 0 0 0

2.0 2.0 0.2 0.2
193 16.1 6.9 5.7
24.2 14.5 179 10.7
79.3 58.6 76.7 65.7

100 98.2 86.2 84.6

*Trabecular hyalinizing tumor; **Reasons for the absence of surgery: anaplastic thyroid cancer on cytology {one case), active surveillance (one case),
patient refusal {one case), and polymorbid condition or aggressive active extrathyroid malignancy (six patients).

LRN, low-risk neoplasm.
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Table 3 Rates of malignancy (ROM) according to signs of EU-TIRADS 5 score.

Final pathology of

Nodule characteristics nodules, n

ROM in operated nodules ROM in FNAB nodules

n operated/total n (%) Benign LRN* Malignant

Malignant+LRN  Malignant only Malignant+LRN  Malignant only

EU-TIRADS 5
Taller than wide 16/37 (43.2%) 3 [} 13
Irregular border 78/150 (52%) 30 2 46
Microcalcifications 36/57 (63.2%) 9 1 26
Hypoechoic 88/163 (54%) 35 5 48
EU-TIRADS 5
1sign 29/83 (35%) 13 2 14
2 signs 45/90 (50%) 22 3 20
3 signs 28/43 (65.1%) 7 0 21
4 signs 4/4 (100%) 0 0 4

13/16(81.3%) 13/16(81.3%) 13/37(35.1%) 13/37 (35.1%)
48/78 (61.5%) 46/78(59%)  48/150 (32%)  46/150 (30.7%)
27/36 (75%) 26/36 (72.2%) 27/57 (47.4%) 26/57 (45.6%)
53/88 (60.2%) 48/88 (54.5%) 53/163 (32.5%) 48/163 (29.4%)
16/29 (55.2%) 14/29 (48.3%) 16/83(19.3%) 14/83 (16.9%)
23/45(51.1%) 20/45(44.4%) 23/90(25.6%) 20/90 (22.2%)
21/28 (75%) 21/28(75%)  21/43 (48.8%) 21/43 (48.8%)
4/4 (100%) 4/4 (100 %) 4/4 (100 %) 4/4 (100%)

*LRN: noninvasive follicular thyroid neoplasms with papillary-like features (NIFTP), thyroid tumors of uncertain malignant potential (TUMP), and

trabecular hyalinizing tumors.
LRN, Low-risk neoplasm nodules.

and 75% vs 83% for all nodules undergoing surgery.
Those changes were, however, nonsignificant when
evaluated with Fisher’s exact test (P-value: 0.7 for
Bethesda IIl and IV classes, 1 for Bethesda V class.

Unnecessary surgery for Bethesda III, IV, and V
nodules with final benign histology occurred in
28 (53.8%), 74 (64.9%), and four (16.7%) patients,
respectively. Two-stage completion thyroidectomy
after lobectomy for Bethesda III, IV, and V nodules was
required in one (1.9%), four (3.5%), and one (4.2%)
patients, respectively (Fig. 2).

Discussion

The malignancy rate of thyroid nodules varies from 1 to
10%, depending mainly on patient recruitment and the

gold standard used to assess malignancy (20, 21, 22). In
the absence of surgery, when the exclusion of malignancy
is based on the absence of change in the thyroid nodule
size on a 6-month follow-up neck US, the rate of
malignancy is underestimated. When malignancy is
considered in all Bethesda III, IV, V, or VI findings the rate
of malignancy is, of course, overestimated. Finally, when
malignancy rates are based on postoperative pathology,
they are overestimated since nodules selected for surgery
are more likely to be malignant and have a higher US
rate for malignancy than nodules that do not undergo
surgery. Knowing these difficulties, we chose, in our
study, to calculate the rate of malignancy in all nodules
undergoing FNAC and also only among nodules that
underwent surgery. We also chose to calculate rates of
malignancy taking into account cancer only, as well as
cancer and low-risk neoplasms (including NIFTP and

Table 4 ROM (cancer + low risk neoplasm) according to EU-TIRADS score and Bethesda classification in operated nodules and

FNAC nodules.

Bethesda score

EU-TIRADS score

n All 2 3 4 5

Operated nodules

| 19 0/19 (0%) 0/2 (0%) 0/5 (0%) 0/8 (0%) 0/4 (0%)

1l 51 1/51 (2%) 072 (0%) 0/20 (0%) 1726 (3.8%) 0/3 (0%)

I 62 12/62 (19.4%) 0/1 (0%) 2/19(10.5%) 7/26 (26.9%) 3/16 (18.8%)

% 124 30/124 (24.2%) - 7/34(20.6%) 15/62 (24.2%) 8/28 (28.6%)

\ 29 23/29 (79.3%) - 5/6 (83.3%) 12/15 (80%) 6/8 (75%)

Vi 56 56/56 (100%) - 1/1 (100%) 9/9 (100%) 46/46 (100%)
FNAC nodules

| 84 0/84 (0%) 0/15 (0%) 0/23 (0%) 0/28 (0%) 0/18 (0%)

Il 489 1/489 (0.2%) 0/14 (0%) 0/208 (0%) 1/209 (0.5%) 0/58 (0%)

1l 174 12/174 (6.9%) 0/1 (0%) 2/50 (4%) 7/79 (8.9%) 3/44 (6.8%)

v 168 30/168 (17.9%) - 7/49 (14.3%) 15/81 (18.5%) 8/38 (21.1%)

v 30 23/30 (76.7%) - 5/7 (71.4%) 12/15 (80%) 6/8 (75%)

Vi 65 56/65 (86.2%) - 1/1 (100%) 9/11 (81.8%) 46/53 (86.8%)
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Rates of unnecessary surgery.

TUMP), since recommendations are to operate these
tumors (19).

The malignancy rates in this study are comparable
to those reported in the literature (17). In EU-TIRADS 2
nodules, the rate of malignancy (including cancer and
low-risk neoplasms) was 0%. In EU-TIRADS 3 nodules, the
rate of malignancy was 18% among nodules undergoing
surgery and 4% among all nodules undergoing
FNAC. These rates were 30% and 10% respectively, for
EU-TIRADS 4 nodules, and 60% and 29%, respectively,
for EU-TIRADS § nodules. In Bethesda I nodules, the
rate of malighancy (including cancer and low-risk
neoplasms) was 0%. In Bethesda II nodules, this rate
was 2% among nodules undergoing surgery and 0.2%
among all nodules undergoing FNAC. These rates
were 19% and 7% respectively in Bethesda III nodules,
24% and 18%, respectively in Bethesda IV nodules,
79% and 77% respectively in Bethesda V nodules and
finally 100% and 86%, respectively, in Bethesda VI
nodules. As the rate of malignancy increased from
Bethesda III to Bethesda V cytology, the percentage of
nodules undergoing surgery increased, and the rates
of malignancy among nodules undergoing surgery
and among all nodules undergoing FNAC were closer.
The situation was different for Bethesda VI nodules
because some of the nodules were proposed for active
surveillance.

The percentages of Bethesda I and Bethesda III
nodules in our cohort were 8.3% and 17.2% respectively,
similar to results from literature (5-11% and 2-18%
respectively) (4). Rapid on-side evaluation of cytology
specimens (ROSE) is found to improve adequacy
of samples, and it is systematically performed in our
practice (23, 24).

The impact of EU-TIRADS score on malignancy
rates in each Bethesda class is a controversial subject
(8). There is evidence that specific radiologic features,
such as microcalcifications and irregular margins, can
improve the diagnostic ability of cytology, but that
seems not to be the case for EU-TIRADS classification per
se (25). In the present study, combining EU-TIRADS score
with Bethesda classification only slightly changed the
rate of malignancy for Bethesda III, IV, and V nodules.
Those changes were, however, nonsignificant which
could be explained by the small numbers of patients in
each category.

Bethesda V or VI FNAC in EU-TIRADS 3 nodules is
a rare situation, occurring in only 0.8% of nodules.
Bethesda II FNAC in EU-TIRADS 5 nodules was more
common but still not frequent occurring in only 5.7% of
the cohort. This is the basis for the recommendation of
a second FNAC in Bethesda II - EU-TIRADS S nodules (6,
8). However, the limitation of the EU-TIRADS 5 category
is its wide range of malignancy rate. Nodules are classified
as EU-TIRADS § if at least one of the following signs is
present: irregular margins, microcalcification, marked
hypoechogenicity, or higher than wide shape. The
number of EU-TIRADS § signs is, however, highly
informative, even though interobserver reproducibility
is questionable, with a rate of malignancy of 48%
among EU-TIRADS 5 nodules undergoing surgery if only
one sign is present, versus 75%, if three signs are present
and a rate of 100% if four signs are present (26, 27).

The evaluation of molecular testing costs based on
mathematical models and hypotheses must consider the
actual management of suspicious FNAC and not only the
recommended management, especially in diseases with
excellent prognosis, which is the case of most thyroid
cancers. In the present cohort, surgery was performed
in 36% of Bethesda IIl nodules, 74% of Bethesda IV
nodules and 97% of Bethesda V nodules in the absence of
molecular testing, consistent with an increasing risk
with increasing Bethesda classification. This also shows
that surveillance of Bethesda III and IV nodules is
already suggested to patients and is not limited to
nodules of 10 mm or less. However, whether this
management i3 relevant remains to be proven.
Unnecessary surgery for Bethesda III, IV, and V nodules
with final benign histology occurred in 106 (28.5%),
a relatively small number. It was more frequent in
Bethesda IV category, since more patients underwent
surgery in this category. However, 42% of Bethesda III,
IV, and V nodules did not undergo surgery when surgery
is usually recommended. This brings up the question of
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the interest in doing FNAC if surgery is not performed
even in case of suspicious results. However, a Bethesda II
result is reassuring, and knowing the risk of malignancy
is the basis for a concrete discussion with patients to
decide on management. Of note, two-stage completion
thyroidectomy because of after lobectomy was not
frequent, being necessary in only 1.9%, 3.5%, and 4.2% of
Bethesda III, IV and V nodules, respectively.

Limitations of the present study include its
retrospective design, and the absence of follow-up in
nonoperated Bethesda III, IV, and V patients. Regarding
this latest point, though, assessing the absence of
malignancy based on follow-up is never guaranteed
to be correct given the slow rate of progression of most
thyroid cancers.

In conclusion, in this real data cohort, surgery was
unnecessary in more than half of the patients with
Bethesda III and IV nodules operated and in 21% of the
patients with Bethesda V nodules operated.

Supplementary materials
This is linked to the online version of the article at https://doi.org/10.1530/
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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 ®'3. Clinically non-functioning
pitNETS (NFPAs) are the second most frequent tumor in the general population, and most
frequent among men and older adults '"'2,

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 chiasm'. 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 2% Serious complications of transsphenoidal surgery are rare in expert hands but
still not negligible, impacting < 5% of cases ®. 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 "°.

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

8089 Furthermore, data on rates of new

without specific expertise on pituitary surgery
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 ®8. 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 *°.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 .

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 "%, 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 '%?. 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 '%.

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 '*.

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 series''"""2. 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 .

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
121132 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)
131.133134 " An International TIRADS system (I-TIRADS) is also under development '*°. 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 '’. Important inter- and intra-observer
variability is also accounted in the evaluation of high-risk ultrasound features, which further
lowers specificity '*°. 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)
121.132 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 '*2. 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 Il), non-diagnostic cytology (Bethesda |) and indeterminate / non-
diagnostic cytology (Bethesda Ill and 1V) '**. Bethesda Ill 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 . 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 (Al) software for thyroid ultrasound evaluation are under
development, aiming to improve nodule classification to categories of risk with more precision

and less variability "'"*3. 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 Ill and Bethesda IV
nodules) 58 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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