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Chapter 1

The pituitary gland

1 Anatomy

The pituitary gland (Figure I.1), located in the sella turcica (turkish saddle) is
connected to the base of the brain by the pituitary stalk. It is made up of two
distinct parts, the anterior pituitary of ectodermal origin, that derives from the
Rathke’s pouch and the posterior lobe originating from the diencephalon, which
is also termed the pars mervosa. Indeed, neurons originating from the supra-
optic and para-ventricular nuclei end in the posterior lobe where oxytocin and

vasopressin synthesized by these neurons are released (Figure 1.2 ) [1].

Optic chiasm

Oculomotor nerve (I1T) Intracranial carotid

Trochlear nerve (IV) Pituitary
Intracavernous
tid
Abducent nerve (VI) caroti
o Temporal lobe

Ophtalmic nerve (V1)
Maxillary nerve (V2)

AN

Figure I.1: Coronal view of the pituitary




4 Chapter 1. The pituitary gland

The anterior lobe (Figure 1.3 ) itself communicates with the hypothalamus
through a complex vascular system. In the pituitary stalk, this network is com-
posed of plexuses, regulated by the gomitoli (these are small vascular structures
in the internal plexus, composed of small arteries and capillaries communicating
through muscular sphincters, that regulate the flow of the hypothalamic hor-
mones). In the anterior pituitary a network, the portal system, releases the hy-
pothalamic hormones and collects the anterior pituitary hormones that thereafter

enter the systemic circulation [1].

Figure I.2: Posterior pituitary [2] Figure 1.3: Portal system of the an-
terior pituitary [2]

2 History

The anatomy and function of the pituitary always fascinated the early (and later)
anatomists. Due to its funnel form at the base of the brain, Galen (129 AD) spoke
of the pituitary as collector of brain’s waste products, discharging through the
sinuses to the nasopharynx. The nasal mucus or pituita gave its name to the
“pituitary gland” . Vesalius (1514-1564) adhered to Galen’s theory, calling the
gland “ Glandula pituitam cerebra excipiens” [3].

Théophile de Bordeu (1722-1776) later doubted this function and suggested

the presence of some unseen vascular structures inside the gland that could par-
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ticipate in the unknown function of the pituitary.

“Iln’y a rien de démontré sur cette question, il n’est pas aisé de s¢cavoir
st la Glande pituitaire n’a pas quelque conduit excrétoire; on trouve
souvent a la portion moienne de sa selle sphenoidale, un trou plus ou
moins apparent; scavoir si ce trou n’est pas fait pour donner passage
a quelque conduit particulier, ou a un vaisseau sanguin, qui €tabliroit
entre la Glande pituitaire et la cavité des narines, un commerce de

sang dont l'usage est inconnu? [4]”

Interestingly, de Bordeu was also one of the first to imagine the dual endocrine

and exocrine roles of the glands in general.

“Ces deux fonctions sont bien différentes. Dans les Glandes passives
qui ont des réservoirs, la sécrétion se fait peu a peu dans ces organes,
et l'excrétion a ensuite son temps; au lieu que les Glandes actives
rejettent autant d’humeur qu’elles en recoivent; elles ne scauroient
en conserver une certaine quantité; cette réflexion ne laisse pas que

d’avoir ses usages, ne fit-ce que pour distinguer les Glandes, les unes

des autre. [4]”

De Bordeu’s theories, ahead of their time, were not very successful. ..

A century later, in his thesis on the pituitary and the infundibulum, pub-
lished in 1839, Joseph Engel (1816-1899) called the pituitary “the smallest brain”
assigning it a role in the equilibrium and a “creative intellectual activity” [5].

Pituitary morphologic abnormalities have long been described. For instance,
Théophile Bonet (1620-1689) referred in 1679 to an enlargement of the pitu-
itary [6]. Blindness and other compressive symptoms secondary due to pituitary
enlargement were recognized, for instance, in the report of Jean-Louis Petit |7]
at the French Royal Academy of Science in 1718. Andrea Verga described in
1864, the destruction of the sphenoid and a compression of the optic chiasma by
a pituitary tumor in a woman with prosopectasia (facial widening) [8].

In 1887, one year after Pierre Marie described a disease he called “acromégalie”

[9], Vincenzo Brigidi described the autopsy findings of a renowned acromegalic
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actor Ghirlenzoni who had a hypertrophied pituitary. Brigidi made also the first
microscopic examination of this abnormal gland. He called the disease this actor
suffered from “rheumatitis deformans” [10]. Oskar Minkowski suspected (1887)
that acromegaly was systematically linked to an enlargement of the pituitary
[11].

Finally, it was Pierre Marie’s pupil, José Dantas de Souza-Leite, who reported
in his thesis (1890) autopsy results of acromegalic patients demonstrating pitu-

itary enlargement in acromegaly [12].

3 Physiology

The fascination for the pituitary seen both among endocrinologists and non en-
docrinologists (and sometimes even in laymen), probably comes from the fact
that in a small volume (that of the anterior pituitary) the general principles of
endocrinology are encapsuled.

At least six hormones are secreted from this small gland, following complex
and different patterns and control mechanisms. By studying these six hormones,
one can discover a network of interrelations, of positive or negative feedback,
independent secretion, modulation by stimulation or inhibition, and patterns of
biological rhythms.

Figures 1.4-1.7 present a short summary of these secretory mechanisms. The
secretion of growth hormone (GH) however, being a central element of this thesis,
needs to be developed in greater detail (Figure 1.8).

GH is secreted by the somatotroph cells of the anterior pituitary. This se-
cretion is directly stimulated by growth hormone releasing hormone (GHRH, 44
amino acids) secreted by the neurons of the hypothalamic arcuate nucleus and
inhibited by somatostatin (SS or SRIF, 14 and 28 amino acids forms) in which
the 14 amino acid form is secreted by the neurons of the ventromedial nucleus
of the hypothalamus (but also by neurons of the peripheral nervous system) and
the 28 amino acid form is secreted by the gastrointestinal tract. Other hormones

and agents (ghrelin, etc.) interfere with GH secretion (Table 1) [13-17].
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Figure I.4: Regulation of ACTH secre- Figure 1.5: Regulation of gonadotropin

tion secretion

Figure 1.6: Regulation of TSH secretion Figure I.7: Regulation of PRL secretion
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GH exerts physiologic effects directly through the activation of growth hor-
mone receptors (GHRs) but also stimulates the hepatic synthesis of insulin like
growth factor 1 (IGF-1) [13, 18]. IGF-1 has its own physiologic actions, but
is also able to inhibit GH secretion (an example of negative feedback) through
a direct effect on the anterior pituitary and a “central” action on hypothalamic
GHRH and SS secreting cells.

One may say that the name of GH is ill-chosen since by calling it “growth”
hormone we restrict his physiological action to the long bones and to the growth
observed in childhood and puberty. Calling it the “metabolic” hormone could
have been more accurate since GH has a other effects on body. For instance it
induces insulin resistance, stimulates muscle anabolism and reduces the uptake
of lipids by adipocytes.

In physiological situations, GH is secreted following a nycthemeral pulsatile
pattern. This pattern changes throughout life, increasing in puberty, decreas-
ing during pregnancy (due to the rise of placental GH) [19, 20|, tempered by
hyperglycemia and stimulated by physical activity or hypoglycemia.

Figure 1.8: Regulation of GH secretion



“403d299.4 aNb0HDIP.U028 FUOULLOY YIMOLEY) (Y SHE)

403da0a4 JTYS ‘YATHS 40140004 FUHD ‘HYHD "X 2prdodosnap (X JN [PUWSIIULOLISDE) [5) "dUOULLOY D1JILNIPIIUT,

‘Uor3aI09s HP

HAV unpisowwog (LSS 40390f buiiquyur asnajas urdosjopnuiogi IS ouowLoy buisnagas auouLL0Y yimoLs) (HYHD

Surjoryuos s1030€] 9} Jo oWOG :T°T S[QelL

3. Phystology

ATYS - snwrereyjod4y AdN
L(ms grys) orwrereyjodAy
- - spoe Ayej 991
‘Arejmard 9o911(]
+ yoery 5 | seprpdedoinsu [5)
Aemipyed or31ousIpe-0O + HAV
Kemyyed d1310ua1pe-0 + oauruIsIy
eIedA[S0d A
Aemyyed o181ouaipe-to + /-
2s0oN[x)
Kemyyed d181ouaipe-g -
surirydourdaioN
Kemyyed dS1310uU1pR-0 +
sjopouwt Tewrtue ul | (X JN ySnoays) orurereyjodAyq - soj400dIpy unydery
Aemyyed or81ousipe-g
*SOI[eSoWOIOR SWIOS Ul A1031qTYU]
Aemyyed o1810usIpe-o -/ + snurereyjodAH sururedo(
‘S[ENPIAIPUI [RULIOU UI AIOjR[NWIIIS ATUTRIA
(109deoar g(q) 10011g
(usHD) -snurererrodiy eI 1D
HYHD UMM 109]j3 0119310UAG oY} YSnoiyjy joIIpul pue + Areymarg urIyn
Areymard oY) Ut 10011p Yjog (‘PN o1y) snurereyjodAH
‘so1eSoWOIOR JO (), PUR
10011(] + snwrefey1odAH HYL
seour)sWINOIID [edtdofoyged uy
(9A14S) W21 - snurereqjodAx (ISS) JA14S
(UHYHD) 121Qq + snurepeyod Ay HYHD
210N (109dooax) Kemyreg uoI1oy uoIjed20] aureN




10 Chapter 1. The pituitary gland

4 Pituitary adenomas

Pituitary adenomas are benign tumors that develop from the anterior lobe of the
pituitary. Autopsy series show a prevalence of 10.4 % of which 77.3% measured
less than 3 mm in diameter [21, 22].

The prevalence of clinically significant adenomas in the population was ini-
tially largely underestimated at around 1/5000. In an original study performed in
the Liége region, the real prevalence was estimated at about 1,/1000 [23]. Roughly
1/2 of these adenomas were prolactinomas, 1/4 non-secreting, 1/8 GH secreting
and 1/16 ACTH secreting adenomas (Figure 1.9). These data were later confirmed
in other regions [24-26].

Craniopharyngiomas
7%

ACTH 7%

Acromegaly 12%

Prolactinomas 49%

Non-secreting 25%

Figure 1.9: Prevalence of pituitary adenomas and cranipharyngiomas in screened
population (£750.000 inhabitants from Belgium, France, Switzerland, Austria, Italy,
La Reéunion, Brazil). (Beckers A. et al, unpublished data)

Pituitary adenomas are mainly discovered either following symptoms related
to abnormal hormonal secretion or to tumoral complications in large adenomas.
Sometimes they can be discovered as “incidentalomas”, tumors that are discovered

incidentally during autopsy or brain MRI [27, 28|.
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Prolactinomas cause the typical amenorrhea/galactorrhea syndrome in wo-
men. Male patients present with sexual dysfunction and/or loss of libido. Patients
with ACTH secreting adenomas (corticotropinomas) develop Cushing’s dis-
ease. Patients with non iatrogenic Cushing’s syndrome generally have Cushing’s
disease as cortisol secreting adrenal tumors are less frequent than corticotropino-
mas. Gonadotropinomas are often mistaken for non-secreting adenomas as
clinical and biological disturbances are sometimes quite mild. Amenorrhea and
sexual dysfunction are however frequently present. A few cases of gonadal over-
stimulation have also been described. TSH secreting adenomas are the least
frequent form of pituitary adenomas. Patients presenting these tumors are fre-
quently mistaken for Graves’ disease since they present with high levels FT3-FT4
hormones and “low-normal” TSH whereas in true Graves’ disease, complete TSH
suppression should be present. Non-functioning/non-secreting adenomas may
present hormonal disturbances when they grow in size. Patients may then de-
velop pituitary insufficiencies. Acromegaly will be described more thoroughly
in later chapters.

Physical compression of the pituitary by a tumoral mass (whether a func-
tioning or nonfunctioning adenoma) results in progressive pituitary deficiency
appearing in the following order GH, gonadotrophins, TSH and ACTH. Pituitary
stalk compression results also in hyperprolactinemia by reducing the hypothala-
mic dopaminergic inhibition of lactotrope cell. Since these cells secrete contin-
uously when the inhibition is lifted, these patients present hyperprolactinemia
and it could result in a nonfunctioning adenoma being mistaken for a macropro-
lactinoma. Compression of the optic chiasm by the suprasellar extension of an
adenoma can result in hemianopsia and invasion of the cavernous sinuses may
cause mydriasis and palpebral ptosis (compression of cranial nerve III), diplopia

(cranial nerves IILIV,VI) or facial paresthesia (cranial nerves V1,V2).
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5 Genetics

The vast majority of pituitary adenomas are sporadic, appearing in a non-familial
context [29]. These tumors are considered as being of monoclonal origin [30],
a mutation leading to tumor development from a single cell although multiple
adenomas can develop in a single pituitary, sometime in the context of pituitary

hyperplasia for instance following an ectopic GHRH secretion [31, 32].

Few causes of pituitary tumorigenesis have been elucidated. In sporadic
adenomas, activating mutations of gsp (an oncogene encoding for the Gs-alpha
subunit of protein G) have been described in up to 40% of somatotropinomas
[33, 34]. Mosaicism with this mutation can also be seen which leads to the

McCune-Albright syndrome with pituitary hyperplasia or adenomas [35-38|.

In 5-6% of cases, pituitary adenomas develop in a familial context [29, 39].
The discovery of the MEN—-1 gene, a tumor suppressor gene, enlightened some of
the genetic and cellular mechanisms of pituitary tumor development [40]. How-
ever, screening for MEN—1 mutations in sporadic pituitary adenomas has shown
mutations in only 2% of the cases [41]. CDKN1B mutations (MEN-4) are much
less frequent than MEN-1 mutations but can be seen in some cases of multiple en-
docrine neoplasia [42-44]. AIP mutations represent the most frequent mutations
(20% of cases) described in the much larger group of familial isolated pituitary
adenomas (FIPA) a syndrome originally described in Liege [45]. Carney complex
due to a mutation of PRKARIA can lead to the development of acromegaly in
10-12% of cases [46-48]. Pituitary adenomas have been described in patients
with familial paragangliomas or pheochromocytomas caused by mutations in the
SDH genes coding for succinate deshydrogenase [49, 50]. Patients with Lynch
syndrome (caused by a mutation in the DNA mismatch repair genes), present a
higher prevalence of pituitary adenomas [51|. This defect in DNA repair my fa-
cilitate the emergence of pituitary cell lines bearing somatic mutation of a second
gene, causing adenomas (like MEN-1) [52].

The recently discovered X-LAG (X-linked acrogigantism) syndrome caused by a
duplication of GPR101 gene, leads to pituitary hyperplasia with GH hyper se-
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cretion and thereafter to the development of an adenoma in these hyperplastic

tissues [53, 54].

6 Investigations

Investigations of suspected pituitary adenomas are performed in order to demon-
strate a mass effect (compression of surrounding structures) and hormonal dis-

turbances.

6.1 Imaging

The first imaging technique that was used for pituitary adenomas was radio-
graphy Figure 1.10. Although it did not allow the direct visualization of the
pituitary gland, it revealed deformation or enlargement of the sella turcica, thus

hinting at the presence of a pituitary tumor.

Figure 1.10: Illustration (left) and radiography (right) of the sella turcica, showing

a deformation by a pituitary adenoma (Grade I of Hardy’s classification) [2]

Pituitary tomography, using an X-ray source and a radio sensitive plate
moving in parallel in opposite directions, was proposed to refine the radiolog-
ical images of the sella. Pneumoencephalography, an aggressive technique
where radiological images were taken after removal of cerebrospinal fluid and air
injection through lumbar punction was also used.

Pituitary adenomas were for the first time visualized directly with the ad-

vent of computerized tomography (CT-scan). This technique was limited by



14 Chapter 1. The pituitary gland

SE:605
27/04/2015 IM:38
11:00:32 27/04/2015

Cor Mou Crane 8

CONTRAST: ~ ‘ :

12.2 - 2356msec T_F

3mm mA S0
kv:i120 T

Figure 1.11: Comparison of CT-scan (left) and T1 weighted MRI (right) images of the same
macroadenoma, located at the right side of the sella and deviating the pituitary stalk to the

left. (Courtesy of J.F. Bonneville and I. Potorac)

the size of the adenomas and small tumors were not always detected, which led
for instance to the notion of “idiopathic” hyperprolactinemia (due to small pro-
lactinomas that were not visualized on CT). Later, a significant number of these
patients were demonstrated as having a pituitary adenoma that was just too small

for the techniques used at that time.

An important breakthrough was achieved with the advent of Magnetic Res-
onance Imaging (MRI) [55]. Adenomas that were not detected on CT-scans
became visible (e.g. cases of “idiopathic” hyperprolactinemia). Technology then
evolved with 1.5 Tesla machines being replaced by 3 Tesla MRIs, increasing image

resolution [55]. Nowadays, 7 Tesla machines are being studied.

MRI imaging not only allows a finer visualization of pituitary tumors (Figure
[.11), but can give information about tumor aggressiveness and potential ther-
apeutic response with for instance, the study of signal intensity of T2 images

[56].
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6.2 Ophtalmologic examination

Ophthalmologic examination is always recommended in cases of macroadenomas
and invasive tumors. Visual field defects (Figure 1.12) and optical coherence
tomography (OCT), give valuable information on chiasmatic compression and
may orient the therapeutic approach based on the acuteness and evolution of the

lesions.

N

Figure 1.12: Visual fields defects showing bilateral quadranopsia [2].

6.3 Laboratory tests

Hormonal measurements are a central component of the endocrinological evalua-
tion of the pituitary gland and tumors.

PRL measurements are frequently combined with the search of macropro-
lactin, a PRL and IgG complex that can interfere with laboratory test of PRL.
PRL secretion spikes can be seen in stressful situations, even sometimes after the
use of the needle for blood sampling. Thus sometimes two samples, with 120 min
intervals are taken after the placement of an I.V. catheter. A normal value of PRL
on the second (or, if it happens, first) sample can exclude hyperprolactinemia.

Dynamic tests, where PRL is measured after TRH injection, help to differen-

tiate different causes of hyperprolactinemia. Typically, when hyperprolactinemia
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is due to an adenoma, there is little stimulation of PRL secretion, whereas an
“explosive” stimulatory response of PRL is often observed in cases of iatrogenic
hyperprolactinemia following TRH injection.

Gonadotrophin (LH,FSH) measurements need to be interpreted in combi-
nation with gonadal steroids, patients sex, pubertal /menopausal status and the
use of hormonal contraceptives. Gonadotropin stimulation tests with GnRH are
also routinely performed in the exploration of gonadotropinomas or of the gonadal
axis.

TSH measurements need also to be interpreted with thyroid hormone levels
and the potential hypo/hyper thyroid status of patients. TRH stimulation tests
are also routinely performed when a TSH secreting adenoma is suspected.

Exploration of ACTH secreting adenomas (Cushing’s disease) relies on mea-
surement of ACTH, cortisol and transcortin (the later to calculate the levels of
free cortisol) in blood samples. Since total cortisol is the combination of free ac-
tive cortisol in equilibrium with cortisol bound to transcortin (the later increasing
in some non-pathological circumstances like the use of estrogen-progesterone con-
traceptives), 24 hour urinary cortisol secretion and salivary cortisol are used to

evaluate the levels of free cortisol.

Contrasting with the evaluation of PRL, TSH and gonadotrophins, first line
dynamic tests performed in Cushing’s disease are in general not stimulatory but
inhibitory. Oral synthetic corticoids (Dexamethasone) are given to patients. The
persistence of ACTH secretion is strongly suggestive of an ACTH secreting ade-
noma. ACTH secretion can however be partly suppressed if high doses are used.

Stimulatory tests, corticotropin releasing hormone (CRH) test, vasopressin
test, can also be performed specially if one wants to discriminate a pituitary
adenoma vs paraneoplastic syndrome due to an ectopic CRH secretion.

A special case of Cushing’s disease exploration is the sampling of petrosal sinus
blood in some uncertain cases. Highly increased concentrations of ACTH in the
sinuses compared to peripheral blood is suggestive of a pituitary adenoma. Pet-
rosal sinus sampling can also be combined with CRH or vasopressin stimulation

to optimize the diagnostic yield.
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Figure 1.13: Pulsatile GH secretion. Green: normal subject. Red: acromegalic patient. The

normal profile shows ample peaks of GH early in the night, and tapered secretion during the
afternoon. The acromegalic profiles, shows the loss of the nycthemeral cycle, with continuous

peaks of GH. [2].

Growth hormone levels measurements need also to be interpreted based on
the understanding of the physiology of GH secretion. Typically, GH is secreted
following a nycthemeral pulsatile pattern Figure 1.13, alternating peaks of high
levels and valleys of nearly undetectable concentrations. Although finding unde-
tectable levels of GH on random samples may exclude the diagnosis of acromegaly,
high GH levels have no pathological significance (they can only exclude GH de-
ficiency).

In order to circumvent this problem, different solutions have been proposed.
Multiple GH sampling (typically 8 to 10 hourly samples) can be used to assess
the pulsatile secretion of GH. Hyperglycemia during the oral glucose tolerance
test (OGTT) has an inhibitory effect on normal GH secretion. The absence of
GH suppression during this test may suggest acromegaly.

Insulin like growth factor 1 (IGF—1) is a hormone secreted by the liver in
response to GH. IGF-1 secretion is continuous with a much longer half-life as
compared to GH. Increased IGF-1 levels suggest increased GH secretion and is
used in the diagnosis and follow-up of acromegaly.

IGF-1 levels vary during throughout life, increasing for instance during pu-
berty following the increased GH secretion. These levels slowly decrease with age,

but show a temporary increase during pregnancy due to placental GH secretion
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[20]. For these reason measured IGF-1 levels are difficult to compare in patients
with different ages and sex. A common solution to circumvent this variability
is to use adapted normal ranges for age and sex and to express IGF-1 as % of

upper limit of the normal (U.L.N.).
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Chapter 11

Acromegaly

1 Acromegaly: the disease

Acromegaly is a disease caused by an improper secretion of GH [1]. The term
improper refers to the fact that GH secretion fluctuates during lifetime, increas-
ing during puberty, decreasing in adulthood. Excessive exposure to GH and
IGF-1 leads to gigantism if it starts during childhood/adolescent growth and to
acromegaly if it happens when epiphyseal growth plates are ossified. The excess of
GH secretion is in most cases due to a GH secreting pituitary adenoma, although
cases of ectopic GH secretion (for instance, by a non-Hodgkin’s lymphoma) |[2]
or ectopic GHRH secretion leading to excess GH have been described [3, 4].

The disease was named “acromegaly” by Pierre Marie in his thesis “Sur deuz
cas d’acromégalie. Hypertrophie singuliere non congénitale des extrémités supé-
rieures, inférieures et céphalique” [5] submitted in 1885 and published in 1886.
The name comes from the enlargement of the extremities. The other visually
striking features of acromegaly are the facial changes with prognathism, protru-
sion of the brows, enlargement of the nose, coarsening of the skin and macroglos-
sia. The latter, along the swelling of the oropharyngal tissues, leads to the typical
guttural voice of acromegalic patients.

The disease causes other comorbidities, like progressive osteoarticular prob-
lems, carpal tunnel syndrome, cardiac hypertrophy, metabolic syndrome and

colonic polyps. Acromegaly is known to increase mortality due to these comor-
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bidities (with an increase of 72% compared to the general population [6]) and is

also suspected to lead to increased cancer prevalence.

(a) Face (b) Side vue

(c) Frontal vue (d) Macroglossia

Figure II.1: Images of acromegaly [1]
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Figure II.2: Some of the complications of acromegaly [1].

2 Treatment of acromegaly

2.1 Surgery

Surgery is the only potentially fully curative treatment in acromegaly and is

generally considered as the first line treatment to be proposed to patients. (Ra-

diotherapy, addressed later in the chapter, can also be sometimes curative, but
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due to it’s side effects and slow results, it is used mainly as treatment of last re-
sort.) The goal of surgery is either to cure the disease by the removal of the tumor
(which can occur in nearly 70 % of microadenomas and 27% of macroadenomas)
or when a complete adenomectomy is not possible, to decrease the tumoral mass
by debulking the adenoma, therefore relieving the possible tumoral compression
symptoms and also helping to achieve a better control of the disease with medical
treatment |7].

Pituitary surgery is mainly performed though transsphenoidal route and some-
times, in case of large tumors with huge suprasellar invasion through a transfrontal
route (which can be combined with a transsphenoidal approach). Traditionally
transsphenoidal surgery was performed under direct microscope visualization.
Nowadays it could be performed by endoscopy or with neuronavigation and in-

traoperative MRI.

2.2 Medical treatment

Somatostatin analogs (SSAs) are the first line medical treatment proposed to
acromegalic patients. Since the development of long acting (LA) forms, they are
well tolerated and they can achieve a drecrease of +/- 65 % in GH and IGF-
1 levels. Disease control is achieved in +/- 50 % of cases. Tumor shrinkage
can also be obtained under treatment in 50% of patients. The treatment is not
curative, and needs to be continued for life if proposed as first line therapy. SSA
can also be used as a pretreatment in patients scheduled for surgery in order to
decrease GH related symptoms and prepare them for a simpler anesthesia. The
potential tumor shrinkage may simplify the surgical procedure [8]. Whether
medical pretreatment increases surgical success rate and should be proposed to
all patients undergoing surgery is however still subject to debate [9-11].

The main use of SSAs is therefore after surgery, when total tumorectomy
leading to cure has not been possible. The further decrease in GH and IGF-1
levels with medical treatment after surgical tumor volume reduction may help to
achieve disease control. The two first SSA that were widely used were octreotide

[12] and lanreotide [13] that bind preferentially to somatostatin receptors (SSTR)
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2 and 5 (which are preferentially expressed in GH secreting tumors [14]). A
newer compound, pasireotide, has been introduced that has a high affinity with

receptors subtypes 1, 2, 3 and 5 [15].

Figure II.3: 3D structures of octreotide and the seven transmembrane SST receptors [1].

The dopamine agonist (DA) bromocriptine was the first medical treatment
used in acromegaly, before being replaced by the more potent SSA. DA remain
the sole medical treatment in a number of countries where SSA are not routinely
available. They can also be tried alone or in combination with SSA, when the
latter doesn’t allow sufficient control of the disease [16, 17]. DA can be potentially

useful when the tumor shows mixed GH/PRL secretion .

The GH receptor antagonist pegvisomant prevents the dimerization of GH
receptors on the cell surface and the subsequent intracellular signaling. It can be
used either alone or in combination with SSAs when they don’t provide sufficient

control of the disease [18-24] but it does not decrease tumor size.
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2.3 Radiotherapy

Radiation therapy is usually the last treatment proposed to patients and is not
used as first line treatment [25]. The technology used in radiotherapy has evolved
from the classical three-beams X-ray to multi focal technique [26], gamma-knife
[27] and proton beam therapy [28] that allow a better conformational targeting
of the tumor. By better focusing on the tumor, these new techniques limit the
secondary effects linked to peripheral tissue irradiation. The use of radiotherapy
is progressively decreasing since surgery combined with medical treatment allows

in general a sufficient level of disease control in many patients [29].

3 Open questions on acromegaly

The knowledge of disease has tremendously progressed since the description of
acromegaly by Pierre Marie. However, researchers were limited by the relative
rarity of the disease, which was further aggravated by the number of patients who
are undiagnosed. Only recently some insights on genetic causes were obtained.
Most clinical studies were focused on treatment effect and therapeutic compound
comparisons. The use of radiomics in acromegaly is a relatively new concept.
The real prevalence of this disease has been underestimated for more than one
century. Epidemiological data have only recently started to be collected. Some
specific questions are still open to debate.

In Chapter IV.1 a number of open questions on acromegaly are listed. Of
course this list not only includes some unanswered questions, but also some very

classical items (age, sex,...) that are necessary to understand new data.

4 Need of a new tool to study acromegaly

The complexity of the aspects to be studied and the important number of patients
needed to make these explorations have led us to look for new tools that should
be easy to use, versatile, very precise and potent enough to uncover new aspects

of the disease.
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In the following chapters, the existing tools available to us are considered and
it is explained why we decided to develop a new one, the Liége Acromegaly Survey

(LAS) database.
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Chapter 111

Tools for clinical studies

1 Debulking

In 2005, we published a study about the effects of debulking pituitary adenomas
in acromegalic patients [1|. This study was motivated by the question of the role
of tumor reduction in the control of acromegaly by SSA. Historically, surgery was
for many years the sole treatment of acromegaly [2-5]. Radiotherapy was ini-
tially proposed as an alternative treatment to surgery especially in difficult cases.
It was initially performed through the use of radon seed implants [6]. Radioac-
tive implants were later replaced by external “megavoltage” radiotherapy |7, §].
Although external radiotherapy was also initially used as primary treatment, it
became later a complementary treatment when surgery was not curative [9].
With the advent of dopamine agonists [10] and later SSA, medical treat-
ment became an option that could be proposed in second line after non curative
surgery [11, 12]. In these cases, medical treatment was weighted against radio-
therapy in terms of efficacy, long-term control and potential side effects. There
has been some discussion whether SSA could be used as a “pre-treatment” in pa-
tients scheduled for surgery [13-16], based on the premise that potential tumor
shrinkage may allow a higher surgical cure rate. These compounds were however
initially proposed as first-line treatment only in cases where surgery was either
contra-indicated or put on hold due to poor patient conditions or age.

More recently, with the advent of long acting SSA, these compounds started to
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be proposed as primary treatment in good responders [17], specially when due to
tumor size and/or invasion, surgery presented a low probability of success. This
use as primary treatment was however limited to patients presenting an important
decrease of GH and IGF-1 levels under treatment, allowing a sufficient control of
the disease. For patients who did not present a significant response or who had
resistance to these drugs, surgery, followed by radiotherapy remained the only

option [11, 12, 17] (at least, until the advent of GH antagonists [18]).

A special case was represented by these patients who were partial respon-
ders to SSA (although the term “partial responder” is still not precisely defined),
showing for instance a 40-70 % decrease in GH levels. This partial response was
generally not sufficient to achieve control of the disease under medical treatment
alone. Some authors advocated the long-term treatment of these patients by SSA,
in the hope of achieving with time, a better control of the disease than what was
seen at the start of treatment [19]. Another question in these partial responders,
was whether the surgical reduction of tumor size (“debulking”) would allow for a
better control of the disease with SSA. The rationale being that although surgery
does not change the sensitivity of somatotrope cells to SSA, by reducing the tu-
moral mass and the initial GH production it could allow patients treated by SSA
to start with lower pretreatment GH levels and, even with a partial response,
increase the likelihood to achieve satisfactory GH/IGF-1 levels under medical
treatment. The first publications on this subject were however pessimistic, sug-
gesting that tumor debulking was an inefficient procedure [20-22]. These papers
were however limited by the fact that they did not compare GH response to SSA
before and after surgery, but two different groups of patients, those who were
treated with SSA as first line treatment vs those who had undergone surgery
and treated thereafter medically. The initial therapeutic choice could suggest a

potential selection bias of the study subjects.

In order to assess the role of tumor debulking in a more robust way, we decided
to study GH and IGF-1 response to SSA analogs, in the same group of patients,
before and after surgery. This study was based on the retrospective analyses of

patients files followed in two endocrine centers, Liége and Bicétre. We demon-
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Table I11.1: GH and IGF-1 values in 24 patients of the debulking study

GH (ug/)
15.5
30
10
35.1
16
62
34
16.8
12.9
10
50
21.8
48
7.9
9.3
2.6
27.3
150
28.5
12
26.1
35.8
11.57
22.5

t0

IGF-1 (%)
164
131
263
227

258
190
211
179
133
180

164
737
85

300
250
139
112
184
173
77

240

t1

GH (pg/1)
5.7

17.8
1.4
2.7

1
9.8
1.13
12
5.6
3.4

0.7
6.7

10.3
0.8
5.3
0.4
16.1
3.2

9
1.9

35.7
17.7
9.9
10.6

t0: Hormone levels at diagnosis.

t1: Hormone levels under SSA treatment.

IGF (%)
168
107
526
105
59
169
132
118
200
74
117
62
82
37
647
58
136
7
147
68
63
95
56
144

ts0

GH (ug/)
5.6
26.3
4.7
6
8.2
6.2
4.5
6.6
7.4
1.3
1.1
9.1
8
5.8
0.9
3.1
10.1
6.2
10
3.6
11
32.1
9.4
6.38

ts0: Hormone levels after surgery and a washout period.

ts1: Hormone levels after surgery under SSA treatment.

IGF (%)
82
89
316
150
184

168
253

129
84
144
76
90
70

106
122
74
197
74
182

tsl

GH (ug/)
0.6
3.9
0.6
2.9
1.5
2.9
0.2
2.7
1.6
0.2

1
1.7
5.5
0.2
0.4

0.56
2.5
0.6

12

0.3
5.5
18.6
7.5
2.9

IGF (%)
81
105
150
80
92
65
82
74
42
48
44
81
34
100

141
27
154
58
99
94
47
105
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strated that in GH secreting adenomas incompletly controlled by somatostatin
agonists, reducing the size of the tumor allows better control of the disease under
medical treatment [1]. Our results were later confirmed by retrospective and
then prospective studies performed in different centers [23-25|.

Our study on tumor debulking, necessitated an enormous investment in time
spent retrieving older files, selecting patients based on study criteria and recording
the data. The final result was a single table of 24 rows and 8 columns (Table
II1.1) that was pivotal to the final results. The time we spent later analyzing
the data and writing the article from the first draft to the final proof represented
only a small portion of the total investment as compared to data retrieval. This
is a recurring observation made by many investigators involved in clinical studies.
The effort needed to extract data from archived files is sometimes the preventative
factor for initiating new original studies.

After the publication of this study, we decided to investigate different and
optimized methods for collecting and organizing data. Our center has access to
a large amount of retrospective data on acromegaly, and although a substantial
number of studies had been generated by this collection, we believed that new
study ideas will emerge and the time consuming process of data extraction would
have to be undergone again and again. In this setting, we began the search for a

method to optimize the efficiency of data collection and analysis.

2 Tools for collecting data

What we needed was a tool or method to alleviate the recurrent need to go back to
patients’ source files. This tool had to allow us to select patients based on flexible
criteria, then to extract clinical and biological data. These data needed to be in
a form that would make them accessible for analysis by statistical software. This
tool would need to be adaptable to changes during the implementation process.
And of course, cost was a major criteria since at that time, our department did
not have access to funding for this project.

The simplest approach was that of using existing tools that were already
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implemented or being installed in our hospital or in the endocrine community.

3 DMI

The first tool that we considered was the DMI (dossier médical informatisé) or
the computerized medical record. At that time, DMI was being implemented in
the CHU of Liege and we had a first glimpse of the future of medical records.
The DMI as it was then conceived, seemed quite an interesting tool for clinician’s
routine activity, but was deemed to be limited for research work. For instance, in
our study on debulking, if the DMI had been available, it would have allowed us
to collect GH and IGF-1 values without the need to access any paper files, but
it could not have helped us in selecting the patients based on our criteria, nor in
choosing which values to select based on the dates of surgery and concomitant
medical treatments. Generally speaking, computerized files are not conceived
with research as their main goal, and they represent merely a new format of
medical data, more centralized and easier to access and more permanent than

their paper counterparts.

4 Registries

The second tool we considered was a registry. In recent years, registries have be-
come a valuable tool to record patients and pathologies and to permit the gather-
ing of epidemiological data. Our center has participated in the French Acromegaly
Registry, to which we were one of the main providers based on the number of pa-
tients. Personally, my implication in the French Acromegaly Registry consisted
also in extracting the data from the registry’s database and performing some of
the statistical analysis [26-28]. Our experience with this registry pointed to the
limitations of these tools. In essence, a registry is devoted to recording names,
age and sex of patients, with some information on the presentation of the disease
and some minor information on the choice of treatment. Registries do not record

a complete array of laboratory data, dose adaptation of treatment and clinical
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evolution. Registries can be very helpful to keep a list of patients, and to select
them for studies based on some simple criteria (like age or type of disease or type
of tumor), but they show their limitations when it comes to extracting elaborated
data. For instance the French Acromegaly Registry’s publication on diabetes in
acromegalics, had to be completed by going back to paper files in one of the

centers in order to gather more information on the evolution of the disease [27].

5 Data mining

Since neither the DMI nor the available registries corresponded to our expec-
tations, we decided to develop our own tool. This had to be a database for
acromegalic patients, designed to fulfill our goals on research and publication
[29, 30]. We knew that developing the database and encoding patient data would
be a time consuming process, therefore, in order for it to be cost-effective, we
had to be sure that we would have to go through these steps only once. Only a
thorough reflection on our present and future needs and a careful design of the
software would have given us the assurance that our time expenditure would be

efficient.

After a review of the theoretical bases of database design, we found that

developments in the field of “datamining” were the most promising for our goal.

Datamining [31] refers to extracting (mining) knowledge from large amounts
of data. It is supposed to answer to the modern paradox of a «data rich but
information poor» environment [32, 33]. Interestingly, the process of datamining
does not concentrate only on the extraction and analysis of data, but also gives
a framework for developing the tools that we will later use. This framework
is described by different authors as the 7 [34] or 11 [35] steps of datamining.
The exact number is not relevant in itself (authors may combine two steps in
one), what is important is that a systematic approach to the problem is the best

guarantee against failure.

The steps we went through are the following:
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6

The 11 steps of datamining

6.1 Steps 1-3

1.

3.

Goal of the study. At the beginning of this project, we spent a significant
amount of time drafting a list of questions that we hoped to answer. This
initial list list comprised nearly 60 questions on acromegaly, some of them

novel, others being previously studied (Chapter IV.1).

Selecting the data. Based on our list of questions, we decided which data
would be needed in order to find an answer. We looked at our patient files
to see if those data were available. For instance, GH and IGF-1 values
were consistently measured in patient visits, but lipids were not regularly
recorded. Thus, questions correlating GH values could be probably an-
swered, but question of the evolution of lipids under treatment would have
been more problematic. We therefore decided to study only some of these
questions and to record only the relevant variables, where we would have a

high likelihood of data being available.

Knowing the data. For the retained data, we looked at the collection
method. For instance for blood pressure, we checked if the measures were
performed in standard comparable conditions (which was not the case).
For laboratory tests we examined how measurements were performed and
if there was a risk of inconsistency. A major problem we faced, was the
change in equivalency of GH concentrations in time. A GH sample of 3
ng/ml in the 1980’s, would give a value of 2 ng/ml if the test is performed
now. All these potential problems had to be fixed in the next steps.

6.2 Step 4

4.

Designing the data set. This step consisted of choosing the format in
which the data would be stored and how the data would be encoded. The
most efficient solution in term of computing power and flexibility was to

use a relational database. We decided for practical reasons to separate the
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database management system (DBMS) from the data capturing interface.
We chose the open source MySQL community server [36] to store the data
and we programmed thereafter the capturing interface using the Delphi

RAD system [37, 38].

By separating the database server from the interface, we were permitting
ourselves to further develop or modify either of these two component with-
out interfering with the other component. It also allows us to physically
separate the location of the server from the interface if necessary. Figures

IT1.1-1I1.4 show the interface that was built to encode patient data.

6.3 Steps 56

5. Fixing problems with data. Some decisions had to be taken on how to

address some common problems like missing or extreme values. Some ex-
perts advocate performing data checking when values are encoded. Others
consider that the retrospective analysis of "abnormal" values gives valuable
information on the accuracy of data collection [35]. We decided not to per-
form data checking at capture time, and to perform data cleaning before

analysis.

Some variables may also drift with time. Since GH values are dependent of
the assay [39-43] and are not consistent over time when expressed as ng/ml
[44], the interface integrated an automatic conversion tool that transformed
values in ng/ml to U/]l based on the date the sample was tested and the

assay used at that time. This allowed us to have a consistency in GH values.

Other variables may change meaning with time. For instance criteria of
cure of acromegaly have changed [45, 46]. Therefore we did not use any
variable called "cured acromegaly" and decided to use GH and IGF-1 levels

at the time of analysis for this assessment.

Exposing the information. One may need to set new variables in order

to emphasize trends and tendencies. Tumor size is unfortunately not always
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consistently reported on MRI protocols. Slices are not always made in the
same axes nor in the same place, and the measures made by the radiologist
may use different landmarks [47]. In the followup of pituitary tumors, a side
by side comparison of MRI images is most valuable. We discovered that this
comparison was frequently performed in our center and the results could
be found in the clinicians’ report to the family doctor. So we designed a
variable called "tumor size evolution", that more accurately captures the

tumor’s evolution.

6.4 Steps 7-11

The following steps occur after data have been encoded in the database.

7.

10.

11.

Build a model. This step consists of building a mathematical or concep-
tual model describing the data. For instance, relating the size of the tumor
and the secretion of GH is a model. Building a model makes use of different
statistical and mathematical tools like regression [48], linear discriminant
analysis (LDA) [49], clustering [50], tree classification [50] and neural net-

works [51]. We describe the models used in the statistical section.

Testing the model. One should assess if this model is comprehensible,

how well it describes the data and if it is precise.

Model deployment. This refers to the deployment and practical appli-
cations of the model, for instance, when it is used for computer assisted
diagnosis. In our study, we did not design any deployment tool, our goal

was mainly descriptive for research purpose.

Model evaluation. When the model is deployed, the results need to be

evaluated to assess how well the goal is being reached.

Restart. One may need to go back over any of the previous steps and

restart the process to get closer to the goals.
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Chapter 1V

Development of the LAS

1 The questions

Knowledge of acromegaly progressed enormously in the last thirty years [1-5].
However, most of the data on this disease are based on retrospective studies with
limited numbers of patients [6-14]. Indeed, although the real prevalence of this
pathology is higher than was previously thought, it is still a rare disease and
centers with enough knowledge and sufficient numbers of patients are few. Some
aspects of this disease are not well enough studied due to the limited numbers of
patients enrolled in clinical trials or retrospective studies.

We spent a number of “brain storming” sessions, writing down a list of ques-
tions on this subject. These questions were either novel or either insufficiently
studied due to the lack of sufficiently high number of patients. Some of these
questions were also needed in order to make population studies.

List of open questions on acromegaly:

e What is the sex ratio in acromegaly?

e What is the age at diagnosis?

e What is the age at surgery?

e What is the age at death?

e What is the latency of the disease before diagnosis?

e Is the sex distribution different from the general population?

e How does the population compare with the general population?

e Do patients with familial acromegaly have a different sex distribution?

e Type of surgery (transsphenoidal/transcranial)?

29
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Type of radiotherapy?

Latency between surgery and radiotherapy?

How many patients were treated by somatostatin analogs (SSA)?
Which SSA (Octreotide, Octreotide LAR, Lanreotide)?

How many patient were treated by dopamine agonists (DA)?
How many patients were controlled by DA?

How many were controlled under treatment? (GH, IGF1)

Is there a better control after surgery than with drugs?
Which drug is more efficient?

Is there a shrinkage under SSA?

How many cases of diabetes are there?

How many cases of diabetes after cure or when controlled?

Is diabetes linked to GH? To IGF1?
Is diabetes better controlled after surgery than after primary SSA?

Prevalence of diabetes-related complications?
Are there acromegalics under dialysis? (If no why?)
Is IGF-1 the image of GH?

Other models of relation between IGF and GH?
What are the cardiological complications in acromegaly?

Which anti hypertensive (HT) treatments are used?

Do patients have less medications when acromegaly is controlled?
Is HT better controlled when acromegaly is controlled?
Which cardiovascular problems?

How many decompensation?

How many arrhythmias?

Any prostatic problems?

Are there really cholelithiases under SSA (and others)?
How many ECG, cardiac ultrasounds?

Results before and after cure/control?

Is there a tumor growth under SSA?

Other problems? Osteoarticular, etc.

Is surgery improving the response to medical treatment?
Is pre-surgical medical treatment improving the result of surgery?
Relationship between tumor size and patient age?

GH and skin?

GH and audition?

GH and ovaries?

Pegvisomant: How many patients are treated?

Is there an effect of pegvisomant on tumor size?

Graph of patients treatment based on time?

GH and blood cell count, Hb?

Fractures?

Prevalence of cancers?
Best cure criteria: GH? GH under OGTT? IGF1?
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e How many patients under sole SSA treatment?

e For how long?

e Life expectancy?

e Same but with surgery as sole treatment. . .

e Adult GHD: how many? After surgery? After radiotherapy? Treated?

e How long after radiotherapy is the patient cured?

2 The software

Based on our question list, we started to build a database, while programming
the interface software.

In order to program the interface (Figure IV.1 ), we decided to use the Del-
phi rapid application development (RAD) framework. Delphi [15, 16] is an
integrated development environment (IDE) using Borland’s Object Pascal [17]
programming language, which is itself an object oriented dialect of the Pascal
programming language as defined by Niklaus Wirth [18, 19|. This interface was
used to capture patient data in a database. We decided to use the MySQL com-
munity server. MySQL [20] is an open-source relational database management
system (RDBMS) [21]. Data are managed by the user using the Structured
Query Language (SQL, pronounced as “SEQUEL”) which allows creating vari-
ables, encoding data, manipulating and extracting them [22]. Although direct
manipulation of SQL is not a very user friendly process (Figures IV.3, IV.4 ), the
MySQL server can be coupled with a data acquisition interface programmed in
different mainstream languages and also with statistical packages, like R [23].
This interconnection of the database server allows to achieve very efficient data
encoding and data analysis.

The interface and the database evolved in parallel, while the first data were
encoded. This allowed us to correct any design errors that were not foreseen and
to catch programming bugs as the software size was growing. The final version
(LAS 4.0) was the result of a number of optimizations of the design decisions.
Mainly, the evolution was toward a simplification of the interface, contrary to
what is generally seen in the programming world. The goal of all these changes

was to make the encoding of the data the fastest and most time efficient possible.
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The Ethical Committee’s approval was received. The bulk of data encoding

was then started for our hospital.

3 First use

Although the first goal of the project was to perform data mining and statistical
analysis of our data on acromegaly, we discovered that the database and the
software allowed us to answer a number of questions that were not in the original
blueprint.

We were for instance confronted to the question of the true prevalence of un-
controlled acromegaly, which seems quite high in different publications. A quick
query of our database, followed by looking at patient treatment and outcome in
the interface, showed that the true rate of control is much higher than what is
frequently reported. A global query of a database without any thorough exami-
nation of patient characteristics could therefore be misleading [24].

We also discovered that the database allows us to choose specific patients for

studies on acromegaly [25] , or to build control groups for comparing populations

[26] (see chapter VII).

4 LAS Liége

When the first 290 patients from Liége were encoded, we were able to start the
analyses. The results of this analysis are presented in the first Liége Acromegaly
Survey paper [27]|. Apart the results presented in this publication, three conclu-

sions were made regarding the project.

e Practically speaking, the LAS seems to allow us to reach the goals of our

study.
e A number of new ideas and concepts emerged from the analysis of the data.

e For some of the questions, we did not have a sufficiently large number of

cases to reach an answer.
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These observations led us to extend the survey to other centers, with the goal of

reaching the first threshold of 2000 patients.

5 LAS version 5

We selected 13 european centers based on their experience and knowledge in
acromegaly. We met representatives from these centers in a meeting in December
2009 to explain the genesis of the project and show the first results for Liege.
Participating centers were allowed to extend and refine the list of questions based
on their experience, interest and center specificity. From January to March 2010,
a new version of the database and software was developed and beta tested (LAS
5.0). The software was distributed in march 2010 to collaborating centers and
data encoding started. By October 2011, we had largely outgrown the population
from our initial target of 2000 to 2800 patients.

At this point, we started to analyze the data. Although the targeted number
of patients was achieved in the chosen timeframe, we decided to continue patients
inclusion.

In order to continue inclusion of patients without restarting data analysis
every time the population was increased, we had to devise some strategies to

have a continuous process, devoid of unnecessary repetition (see chapter I1I).
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Figure IV.1: The interface of the LAS software as seen on the Delphi IDE.

439 @ Button: TMouseButton; Shift: TShiftState; X, ¥: Integer);
440 bhegin

441 ButtCardioUp.Visible:=False;

442 | end;

444 procedure TForml.ButtCardioUpMouseUp(Sender: TObject; Button: TMouseButton;
445 @ Shift: TShiftState; X, ¥: Integer):

446 begin

447 ButtCardioUp.Visible:=TRUE;

445 | end;

450 [ procedure TForml.ButtCardioUpClick(Sender: TObject):;
451 begin
DEGridl.Fields[0] .FocusControl;

53 if MyQUervyl.Modified then
454 begin
MyQueryl.Post;
end;

FormCardio.visible:=TRUE;
currentPat:=strtoint (DETextl.GetText) ;
L end;
£= -
procedure TForml.buttBockupUpMouseDowniSender: TObject;
=] Button: THMouseButton; Shift: T3hift3tate; X, Y: Integer):
begin
buttBeckupUp.Visible:=FALSE;
| end;

Figure IV.2: Source code that generates the functionality of the interface.
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Figure IV.3: Simple query in SQL extracting the list of all patients.
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Figure IV.4: A slighly more elaborate query extracting the list of female pa-

tients having undergone surgery.
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Chapter V

Data analysis

1 Data extraction

A RDBMS [1] typically allows extracting data using SQL queries [2]. This

language tries to mimic a simple human language. For example the query:

SELECT name, birth_date FROM patients WHERE sex=‘M’ ;

extracts from a table called “patients” the name and birth date of male patients
(see also Figures IV.3, IV.4 ). For relational databases, these queries can grow
tremendously in size and complexity, which in the long run can be the source of
some problems. For instance, a very long query could be difficult to debug (Figure
V.1). Moreover, when the analyst is looking back to these queries to change them
some times later, understanding the precise meaning and the working of these
queries can become quite difficult. For our analysis, we tried to use the simplest
queries and to refine the data using the statistical software’s matrix manipulation
capabilities [3]. SQL queries were run from inside the software, thereby allowing
us to connect directly to the database, send a query, gather the data and put
them in a matrix. This process, since it did not necessitate saving a spreadsheet
file on the computer then opening it with another software, allowed us to gain

significant amount of time.
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£ MySQL Query Browser - Connection: / liege =8 HoH =
File Edit View Query Script Tools Window Help

Q0 |—0 Q= Q- 02228 D
7|@Resultset 1
| SQL Query Area
° {SELECT r.patid patid,'",i,""' AS center, r.date_ex date_ex,

r.method method, r.type type, r.invasion invasion,
r.chiasma chiasma,r.diam diam, r.evolution evolution

FROM ",i,".radio r,

(SELECT patid patid , min(date_ex) AS date_ex

FROM ",i,".radio

GROUP BY patid) AS fr

WHERE r.patid=fr.patid AND r.date_ex=fr.date_e

AND r.type IS NOT NULL AND r.type<>' '
18 AND (r.method='IRM' OR r.method='IMR")
11 AND r.patid NOT IN (select patid FROM ",i,".surgery)

13 union

is| SELECT r.patid patid, '",i,"' AS center, r.date_ex date_ex,
16 r.method method, r.type type, r.invasion invasion,
17 r.chiasma chiasma,r.diam diam, r.evolution evolution

18 FROM ",i,".radio r,

12 (SELECT patid patid , min(date_ex) AS date_ex

20 FROM ",i,".radio

a1 GROUP BY patid) AS fr,

22 (SELECT patid patid , min(date_surg) AS date_surg

23 FROM ",i,".surgery

24 GROUP BY patid) AS surg

s WHERE r.patid=fr.patid AND r.date_ex=fr.date_ex AND r.type IS NOT NULL
26 AND r.type<>' " AND (r.method='IRM' OR r.method='IMR")

27 AND r.patid=surg.patid AND r.date_ex<surg.date_surg

Figure V.1: SQL query extracting data on tumor size evolution as observed on MRI. Queries

this long start to be more difficult to read, to understand and to debug.

2 Data cleaning

The next step before analyzing the data, was to go through a data cleaning process
[4]. The main goal of this step is to pinpoint any value that may be the result
of encoding errors. This process was performed visually and mathematically [5].
Plotting a scatterplot of bivariate [6-8] data can visually pinpoint some abnormal
clusters (Figure V.3) or some isolated outliers. These values are not necessarily
“wrong” per-se, but may necessitate contacting the centers to check the data.
Another technique is the use of stem-and-leaf graphs [9] which allow for spotting
abnormal distribution of digits, hinting at subjective rounding errors Figure V.2.
Other example are using a boxplot (Figure V.4) [9, 10| or a table with quartiles
and minimal /maximal values or even sorting a set of values in ascending order.
Any value that appeared to be an outlier was looked upon and if it appeared to
be erroneous and not correctable, it could be removed from the analysis of this

item.
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1 | 2: represents 12
leaf unit: 1
n: 145
12 Ox | 111111111111
37 t | 2222222222222333333333333
67 f | 444444444555555555555555555555
(19) s | 6666666666777777777T
59 0. | 8888899
52 1% | 00000000000000000000001
29 t | 22333
24 f | 45555555555
s |
13 1. | 88
11 2% | 00000000
HI: 25 25 30

Figure V.2: Stem and leaf graph, representing the number of years acromegaly evolved before
diagnosis as assessed by the clinician. The high number of "0" and "5" is due to a rounding

error by the physician to a multiple of 5.
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Figure V.3: Graphic of IGF-1 values plotted against patient age, with regression line. Figure
A: For the Rotterdam center, IGF-1 values have a completely different range. On inquiry it
appeared that the IGF-1 values were not recorded in the same units as in other centers. Figure

B: After correction, Rotterdam patients showed the same range as the other centers.
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Some errors were discovered that were related to discrepancies in the units
routinely used by a center and the units that were retained for our database.
These errors were automatically corrected for each center by the statistical soft-

ware without any loss of data.

Some potentially subjective variables were evaluated less precisely by some
centers (e.g. the duration of acromegaly before diagnosis). Data from these

centers could be excluded for analysis.
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Figure V.4: Box plots of tumor size at diagnosis grouped by age group, showing outliers.
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3 Scripting

Since we decided to continue patient inclusion after data analysis was initiated,
we had to devise a process to have a continuous self-adjusting analysis workflow.
We decided to use the R statistical package [11, 12| to achieve this goal. R is
an open-source implantation of the S statistical language [13, 14]. This tool has
a steep learning curve compared to other well known and widely used software
since it offers no graphical interface and that all calculation are commanded by
manually entering the instructions. For instance to calculate the median age of
patients at diagnosis from a table (data frame in R language) called “t _patients”,

the operator has to manually type the following command:
median(t_patients$age,na.rm=T)
To plot the figure Figure V.3, we had to enter manually:

xyplot (igflbrut~agelcenter,

data=subset (igf.pre.tt,
center %in% c(’Marseilles’,’Rotterdam’,’Bicétre’,’Liége’)
&kage>0&kage<80&
igf1brut<3000&igf 1brut>20),

type=c(’p’,’r’),

col=c(’black’),

col.line=’red’,

ylab="IGF-1 (ng/ml)’,

xlab=’Age’)

At first sight, this may seem an overcomplicated process, however the way this
statistical package works allows these scripts to be used in an automated process.
This let us to write a single program in R [14-16], that was executed every time
the database was modified, and that allowed us to obtain updated results in a

few minutes.



76 Chapter V. Data analysis

Age at diagnosis Quantile-quantile plot to test for normality
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Figure V.5: Non-normal populations: Although graph A presents a bell shaped curve, the
data failed the normality test both numerically (Shapiro-Wilk test) and graphically (quantile-

quantile plot showed on the the right). Graph B shows clearly a non-normal skewed distribution.
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4 Statistical data analysis

Once data are extracted from the database, they can be submitted to standard
statistical procedures. A first step could be to represent data distribution both
numerically and graphically so that one can get a “feeling” for these data. Since in
this real-life study we were not dealing with ideal data sets with Gaussian distribu-
tion, it was not surprising that all the variables we looked upon showed a skewed
distribution (Figure V.5), failing the normality tests [17]. Therefore we decided
to use in the toolset of statistical procedures available to us the non-parametric
descriptive methods. Data were represented as median values and first and 3rd
quartiles (25th and 75th percentiles) |[18|. For graphical representation we used
mainly boxplots showing the median value, the interquartile range as boxes and
1.5 times the interquartile range + /- the median as whiskers [19]. When a more
graphic representation was needed, we used density plots with individual cases
represented below the graph (“rug”) [10]. Statistical tests were performed using
the non-parametric Wilcoxon (Mann-Whitney) test and the Kruskal-Wallis test
when more that two groups were compared. For count data in contingency tables,
the x? test was deemed appropriate.

Although during the initial steps of analysis, other robust methods like the
trimmed mean and bootstrapping were used [20], for the final publication, we
decided to use the more traditional and better known methods that seemed more

understandable to our audience.

5 Exploratory data analysis
Good statistical practices imply the following steps:

e Making a hypothesis.
e Designing a study.

Collecting the data.

Analyzing the data.

Making conclusions.
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Figure V.6: Data brushing of a parallel coordinates plot. The user has interactively selected

the top points of the second column (representing patient age. The corresponding values of
sex (left column, F on bottom, M on top) and GH levels (right) have been highlighted. These
highlighted points do no show any preponderance in the sex column, but appear in the lower
values of the GH column, suggesting that older patients have lower GH levels at diagnosis (see

Chapter VI). Screen capture from the GGobi software [21]

A perfect example of this procedure is Karl Pearson’s study on parental alco-
holism in London published in 1910 [22]. In this publication Pearson illustrated
the fundaments of statistical thinking in a controversial subject, demonstrating
that children of alcoholic Londoners are not “degenerate” but on the contrary
healthier that their counterparts. Pearson’s explanation was that these children
were unattended, spent more time outside and therefore were less exposed to the

unhealthy, moist and molded interior of London’s houses [23].

However in some situations, one may face an important number of data with-
out enough knowledge of them to start making hypothesis. It could therefore be
fruitful to look back at the data (often visually or graphically) to try to get a
sense of how different variables relate to or influence each other. This exploration
of data may help one to start seeing patterns and making working hypothesis.
This method was coined Exploratory Data Analysis (EDA) by Tukey in 1977 [9]

and initiated the development of computerized tools including the S program-
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ming language [13] and it’s software implementation R [11] that we used for this
study. An example of EDA is shown in Figure V.6 where by moving the cursor
in the column showing the age of the patient, one can interactively intuit that
the size of the tumor is related to patient’s age. This point was later confirmed
by more traditional statistical methods (see Chapter VI).

One danger of this procedure is that one may discover some random corre-
lations due to chance and the limited number of cases. Even with big numbers
of records characteristic of datamining sets, chance should be suspected and any
correlation needs to be assessed by traditional statistical methods |24, 25]. Data
fishing (where one looks for all combination of correlating data in a dataset, se-
lecting only the “significant p” and disregarding the non-significant combinations)

always lurks underneath datamining |[26].

6 Linear discriminant analysis

Linear discriminant analysis (LDA) can be used when the class of individuals is
known (for instance, good responders to SSA as defined by a decrease of more
than 30 % in IGF1 under treatment). The analysis uses other variables to define
a function predicting to which class each individual will belong |7, 14]. The LDA
starts with a training set to find a coefficient for each variable and can then be
tested on a new set of items. For instance by applying LDA to the variables:
age, basal GH, basal IGF-1, tumor volume, and signal intensity of the adenoma
by region of interest (ROI) measurement, and defining the class as responder or
not, we obtain the following result with 50 patients of the IRMA2 study [27]

(“TRUE” means good responder):

Call:
lda(log(ndatal[1:50, 1:5]), ndata[1:50, ]$resp)

Prior probabilities of groups:
Non-responders Responders

0.18 0.82
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Group means:
Age
Non-responders 3.75

Responders 3.88

GH IGF-1 wvol
1.96 6.42 7.62
2.74 6.77 T7.19

Coefficients of linear discriminants:

LD1

Age.diagnostic 1.05

GH.basal.ng.ml  0.35
IGF1.basal 0.98
vol.pre -0.31
ROI. comp -1.48

ROI.comp
0.10
-0.24

These results show that the most important factor is adenoma signal intensity

followed by the age at diagnosis (these variables were normalized by logarithmic

transformation). When tested with the remaining patients of the study we obtain

the following result:

Predicted
Non-responders

Responders

Observed

Non-responders
5
8

Responders

3
33

The LDA predicts correctly the answer in 78 % of cases (38/49). LDA can

be used as prediction tool but also to highlight the most important variables

predicting the response to treatment.

7 Cluster analysis

Cluster analysis is a method of classification of items (in this study, patients)

in similar groups

[28, 29|. Different algorithmic method can be used which

are based on similarities between items. For instance the K-means |28, 30, 31|
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Figure V.7: Kmeans clustering of IRMA2 study patients. The software was asked to cluster
patients in two groups, based on the intensity of the T2 signal of the adenoma (compared to
normal pituitary or white matter) and the modification of IGF-1 levels under SSA. The cluster

of good responders (black triangles) is also in the hypointense ’territory’.

method starts by a number of clusters decided by the investigator, computes
a spatial “center” for each cluster and associates the items that belong to this
group based on minimal sum of squares distances from the centers. This notion
of distance is virtual and it could refer to variables as temperature, hormone
levels, color gradation etc. This notion of distance can be understood by plotting

the items in a graph.

We did not use these techniques in our first study on the LAS, but cluster
analysis may be helpful in later developments of the LAS, for instance when we

will look at treatment response. It may help us finding clusters of patients based
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on initial parameters at diagnosis, predicting treatment response and hormone
evolution.

Figure V.7 shows two clusters of patients from the IRMA2 study [27] where
the good responders to SSA (black triangles) cluster in the hypointense zone of
the graphic. In contrast with the LDA shown in previous section, here these
clusters were determined by the statistical software, without prior knowledge of
the class to which these patients belong (in the LDA, we classified the patients

before the analysis was made).

8 C(Classification trees

GH.i < 19.55

7\

N Y
24 -- 26 (n= 50) 21 --3 (n= 24)

Age > 59.91

N
17 - 2|4 (n=41) 7 2Y(n= 9)
Age< 34.53
Y N
2--7(n=9) 15--17 (n= 32)

GH.i < 38.2

______

P N

Figure V.8: Classification tree for GH control under SSA for patients from Liége. The graph
should be read as follows (GH units in mU/ml): Is initial GH<19.55 mU/ml? If yes (24 patients
filling the criteria) GH will be controlled in 21 out of 24 patients. If no, GH will be controlled
in 24 out of 50 patients. In this subgroup of 50 patients, is age>59.91 YO? If yes (9 patients)
GH will be controlled in 7 out of 9 patients. Etc...
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Classification trees are a variant of cluster analysis and share common points
with taxonomy as seen for instance in botany [32]. In this technique, one starts
with a target (for instance by specifying to the software the controlled /not con-
trolled patients) and the software develops a tree of questions with yes/no re-
sponses trying to predict which patient will belong to which group [33]. In
Figure V.8, the software was asked to find classification criteria predicting if GH
will be controlled under SSA. The most important variable is the initial GH level
followed by patient’s age.

9 Artificial neural networks

Artificial neural networks (ANN) are software with algorithms mimicking the
functioning of neurons [34-36]. Theses networks are made of number of “rows”
of individual “neurons” interlaced together. Each neuron can have one or more
inputs from the preceding row and one or more output toward the next row [37].
The value at exit point depends from the weighted input values and an internal
bias weight specific for each neuron. This individual weights are variable and can
be adjusted for each neuron during the “training” phase. During this training
phase, the first row of neurons are given a series of values (that could be for
instance initial hormone levels, age, tumor size, etc.) and the output compared
to the expected value (responder or not responder). The software adjusts over
multiple iterations of this dataset, the respective weights of the neurons so that
they give the correct output for each record. The network is usually trained by
going through the same set of data hundreds or thousands of times. After this
training phase, the network can be tested with a new set of records, and, if the
response seems satisfactory with these data, real-life application can be tested.
The main problem of neural networks in a scientific setting is that they func-

)

tion as a “black-box”. When the networks seems to have achieved a good level
of training and gives correct answers, it is difficult to understand how and on
which bases this calculation is made. One is never sure that the network is not

“reasoning” on some incorrect basis.
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GH.basal.ng.py

66 57062

Error: 0.266384 Steps: 67637

Comparaison of observed vs predicted
decrease in GH under SSA in training population.

(Logarithmic scale)

Predicted by the neural network
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T
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0.8

Comparaison of observed vs predicted
decrease in GH under SSA in test population.
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Figure V.9:

(a) Neural network consisting of three entry
neurons: adenoma intensity measurement
(ROIL.comp), patient age (Age.diagnostic)
and GH level (GH.basal.ng.ml). There are
two layers of hidden neurons (organized as
342 neurons) and one output neuron for
the decrease in GH under SSA (decr.GH).
Black arrows show the connection between
neurons and the calculated weight. Blue
arrows show the biais weight of the neu-
rons. The calculation took 67637 iterations

through the dataset.

(b) After training, the network is asked to
evaluate the decrease in GH for each patient
of the training set. X axis: observed value.
Y axis guessed value. The X and Y axes

have been scaled to [0,1] and converted to

logarithmic scale.

(c) In a next step, the network is asked to
evaluate the decrease in GH for each patient
of the test set (new series of patients). X
axis: observed value. Y axis guessed value.
The X and Y axes have been scaled to [0,1]

and converted to logarithmic scale.

Neural network
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Chapter VI

Main results: LAS database

1 Study population

The final study population of the LAS database included 3.173 patients (M=1.444,
F =1.729, sex ratio: 0.84) from 14 centers and 10 countries [1]. Female patients
represent 54.5% of the population. Table 2 shows the number of patients from

each center.

Sophia: 815
Bicétre: 363
Liege: 302

Rotterdam: 277
Marseilles: 260

Napoli: 205
Reims: 188
Stockholm: 178
Prague: 138
L’Aquila: 126
Munich: 114
Genova: 111
Porto: 63
Valencia: 33

Table 2: Number of patients included from each center

89
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2 Age

Median age at diagnosis (Figure VI.1) was 45.2 (Q1: 34.9, Q3: 55), with the
male population younger than the female (medians: M=43.4, F=46.4, p<0.001)
[1]. When looking at patients’ age and the year of diagnosis, a trend toward an
aging of the acromegaly population at diagnosis was spotted. This trend was
more apparent when looking at patients’ age by decade (Figure VI.2). Median
age of patients diagnosed after 2010 was 6.5 years higher than in the pre-1990

group.
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Figure VI.1: Age at diagnosis in different centers.
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3 Sex ratio

Sex ratio (M/F) varied between different centers from 0.43 (Porto) to 1.4 (Va-
lencia) [1]. For the whole population, sex ratio was 0.84 (Figure VI.3). The
difference between centers (p<0.001), was still apparent when comparing the two
centers with the highest recruitment (Sofia, sex ratio=0.6 and Bicétre, sex ra-
tio=1, p<0.001), suggesting that if this difference is somehow related to some
selection bias, it is probably not related to sample size. Sex ratio between the

second and third biggest centers were on the other hand comparable (Bicétre, sex

ratio=1 and Liége, sex ratio=0.85, p=0.85).

n

| | |
All centers 0 3173
Valencia 33
Rotterdam 277
Reims 188
Stockholm 178
Lieége ] 302
Bicétre . 363
Naples 205
Prague 138
Munich o 114
Ma'rseil_les - 260
b :
Sofia o 815
Genova ° 111
Porto | e : 63

I I I I I I

0.4 0.6 0.8 1.0 1.2 1.4

Sex ratio (M/F)

Figure VI.3: Sex ratio in different centers.
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4 Delay in diagnosis

This median age at first symptoms was 33.5 years and was not significantly dif-

ferent between sexes.

The delay between the appearance of the first symptoms of acromegaly and
the diagnosis of the disease was evaluated by questioning the patient, looking at
family pictures and official identity documents. This evaluation was performed
more or less precisely depending on the center. These two variables were used to
calculate the age at which the first symptoms appeared.

The median delay for diagnosis was longer for females (10 years) than males
(8 years) [1]. Over time, there was a decrease of the delay between the first

symptoms and diagnosis (Figure VI.4).

Delay (years)

<1990 1990's 2000's 2010's
Decade of diagnosis

Figure VI.4: Evolution of delay between the first symptoms of acromegaly and diagnosis.
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5 Discovery of acromegaly

5.1 Symptoms

Acromegaly was usually suspected due to dymorphic features (21.5%) and en-

largement of the extremities (13.6%) [1].

5.2 Who first suspected acromegaly

The disease was most frequently suspected by endocrinologists (44.9%), family
doctor (17.5%) or an internist (13.2%) [1]. Interestingly, in 2.3% of the cases
the disease was recognized by the patient himself or a friend or family member.
For instance, one patient was diagnosed by an acromegalic friend, and a medical
school student recognized the dysmorphic changes in her younger sister while

listening to a lecture on acromegaly.

6 Genetic studies

Genetic studies were not systematically performed in all patients. Based on
anamnestic data, 73 patients (2.5%) had known genetic or syndromic history,
of which 28 had and AIP gene mutation, 13 were from a FIPA family with no
known mutation, 11 had an McCune-Albright syndrome, seven a MEN1 and two
had Carney complex.

It may seem that the familial cases were less frequent than what has been
described in other studies, however it should be noted that a familial history of
pituitary adenomas was not systematically inquired for in all centers. Indeed
three centers (Liége, which has coined the acronym FIPA, Bicétre and 1.’Aquila),
representing 791 patients, reported 44 (6%) familial cases ( [2] [3] [4]).

7 Radiological findings

Median tumor size at diagnosis was 15 mm (Figure V1.5), with 71.8 % of macroade-

nomas and 28.2 % of microadenomas. Tumors were significantly larger in males
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compared to females [1].

Tumor size decreased progressively with the age of diagnosis (Figure VI.6),
thus, patients with macroadenomas or with invasive tumors were significantly
younger than patients with microadenomas (Figure VI.7). Chiasmatic compres-

sion was also more frequent in younger patients.
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Figure VI.5: Tumor size at diagnosis.
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8 Hormonal profile

The database recorded random GH measurement [1|, and when available the
nadir of GH under OGTT. Since OGTT was not performed in every visit, and
particuliarly not in diabetic patients, random GH was compared with nadir GH
under OGTT and a good correlation was found between these two variables (Fig-
ure VI.8).

Initial GH levels at diagnosis decreased with patient age (Figure VI.9). This
decrease was seen in both male and female patients. There was no difference in
GH levels based on sex.

GH levels increased with tumor size until a certain point. Local regression of
GH wvs maximal tumor diameter showed a correlation between these two variables
for tumors smaller than 20 mm. For larger tumors, no correlation was observed
(Figure VI.10).

IGF-1 expressed as % of upper limit of normal (%ULN) was higher in younger
patients. The levels of IGF-1 also correlated with tumor size, although higher
variation were noted compared to the elevation of GH with tumor size.

Prolactin (PRL) co-secretion was reported in 10 % of cases. Patients with
prolactin co-secretion were younger (Figure VI.11) and had higher rates of tumor
invasion. At time of analysis, not all patients had undergone surgery and PRL co-
staining could not be confirmed in all. For those patients with immunohistological
data, staining for PRL was observed in 26.3% of cases and staining was present
in 85 % of those who were initially reported as GH and PRL co-secretors.

Co-secretion of other hormones was rare.
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9 Glucose metabolism

At diagnosis, 24.5 of patients were known as having type 2 diabetes, and only
three patients had type 1 diabetes. When OGTT was performed, a further 24
patients had glucose levels higher than 200 mg/dl at 120 min. Including these
patients, type 2 diabetes was therefore present in 27.5 % of cases [1].
Correlation between GH (random and under OGTT) and IGF-1 levels with
glucose was looked at in non-diabetic patients. No correlation was found between
glucose and GH whereas glucose correlated significantly with IGF-1, expressed

both as absolute IGF-1 values and as % of ULN (Figure VI.12).
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10 Cardiovascular system

Hypertension was reported in 28.8 % of patients. Cardiac hypertrophy was the

next more frequent cardiovascular morbidity and was reported in 15.5 % followed

by strokes (4.5 %), arrhythmia (3.6 %), ischemic heart disease (3.5 %), myocardial

infarction (3.0 %) and heart failure (1.6 %) [1|. Patients reported with these

pathologies were significantly older than those without (51 vs 46 years for cardiac

hypertrophy, 57 vs 46 years for stroke, 56 wvs 46for arrhythmia, 59 vs 46 for

ischemic hear disease, 59 vs 46 for myocardial infarction and 58 vs 46 for heart

failure). For instance on multivariate analysis, including GH levels, IGF-1 levels,
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age, height, weight and smoking status as independent variables and stroke as

dependent variable only patient age appeared as a significant factor.

11 Sleep apnea syndrome

Sleep apnea syndrome (SAS) was reported in 25 % of patients [1]. However,
polysomnography or oxymetry were not performed in all patients. In one center
where these tests were routinely performed in all patients (le Kremlin-Bicétre),

the prevalence of SAS was 69% of tested subjects.

12 Colonic polyps

Colonoscopy was not performed in all patients at diagnosis. Among the 820
patients who had colonoscopy, colonic polyps were found in 13%. Four patients
had been diagnosed with colorectal cancer at diagnosis. Prevalence of polyps did

not appear to be linked with GH or IGF-1 levels [1].

13 Hematologic data

Red blood cells count and hemoglobin levels were analyzed separately for males
and females. They both significantly correlated with IGF-1 levels and no corre-

lation was found with GH [1].

14 Cancer

In total, 64 patients have been diagnosed with any cancer, the most common

being breast (n=16), thyroid (n=11) and skin (n=10).

15 Other comorbidities

Thyroid nodules were reported in 34% of patients. Systematic screening for nod-

ules was not performed in all patients. When systematic ultrasound exploration
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is preformed in patients with acromegaly, thyroid nodules rate increases to 67 %
[5]. There was no relation between the presence of nodules and GH and IGF-1
levels, and other demographic data. Patients at diagnosis had a history of hip
fracture in 4.4% of cases, vertebral fracture in 4.3 % and wrist fracture in 0.6%

of cases. The only significant relation with fracture was age in female patients.
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Chapter VII

Other applications of the LAS

database

1 Database modularity

The LAS data base was initially conceived to answer a series of questions and was
tailored toward fulfilling this goal. The open aspect of the database, along with
his relational structure allows a wider use for other studies. During the process of
patient inclusion and data analysis, other study projects were conceived in which

the LAS was incorporated as a tool.

2 Pegvisomant study

The LAS database was used as a control for a study on pegvisomant doses in
acromegalic patients. In a post-graduate project, this center had developed a
mathematical formula, predicting the final dose of pegvisomant (PEGV) needed
to control acromegaly either alone or in combination with SSA. The formula was
built using the patients of that center. The LAS was used to extract a series of
control patients which allowed to test the validity of the formula.

This study developed a multivariate model which demonstrated that for mono
therapy using PEGV, patient weight is a good predictor of the doses needed

to achieve IGF-1 normalization, with a correct prediction in 77.1 % of patients

109
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(Figure VIL1).

In patients with dual therapy (SSA+PEGV), initial IGF-1 levels,

patient age, weight and height allowed the prediction of PEGV normalization dose
in 63.3 % of cases [1].
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Figure VII.1: Graph showing the PEGV doses used in patients vs the calculated dose. Yellow
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3 ZAC1 study

During the development process, we used the LAS for a study on the expression
of ZAC1 tumor suppressor in GH secreting pituitary adenomas of patients and
the biological response of these tumors to SSA treatment.

The LAS database was used to select a series of patients treated with SSA,
and to export biological and radiological data that were compared with ZAC1

expression in these patients tumors.
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Figure VII.2: Three levels of ZAC1 immunoreactivity: a: weak, b: moderate, c: strong.
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Figure VII.3: Treatment response to SSA based on ZAC1 immunoreactivity.

A total of 45 patients from the Liége LAS group, pretreated for at least
6 months by SSAs before surgery and for whom tumor material was available
were included in the study. ZAC1 immunoreactivity was categorized as weak,
moderate and strong (Figure VII.2) was present in all tumor materials. This study

demonstrated a positive correlation between strong ZAC1 expression with IGF-1
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normalization and tumor shrinkage (Figure VII.3), independantly to patient age,

sex and treatment duration |[2].

4 Prolactin and thyroid auto-immunity

We were contacted by a collaborating center (Sofia, Bulgaria), for a joint study of
auto-immune thyroid pathologies in patients with prolactinomas. For this study
data from 462 prolactinoma patients from Liége had to be recorded and analyzed.
After review of the needed data, it appeared that a modified version of the LAS
database could be used with minimal changes to allow data collection. The empty
(with no patients) version of the LAS database and it’s interface was therefore
adapted for data collection on prolactinomas and thyroid disease.

This study demonstrated a higher prevalence (21%) of auto-immune thyroid
disease in patients with prolactinomas compared with data from community-
based studies. Auto-immune hyperthyroidism was present in 1.2 % of cases of
prolactinomas patients and hypothyroidism was present in 15.6 % (Figure VIL.4).
These results suggested to routinely study the presence of auto immune thyroid

disease in all patients with prolactinomas |[3].

Hyperthyroidism Hypothyroidism
nftotal (%) -
Total Overt Subclinical
Total 5/404 (1.24%) 63/404 (15.6%) 21/404 (5.2%) 42/404 (10.4%)
Women 5/348 (1.43%) 57/348 (16.4%) 19/348 (5.5%) 38/348 (10.9%)
Men 0/56 (0%) 6/56 (10.7%) 2/56 (3.6%) 4/56 (7.1%)

Figure VII.4: Prevalence of hypo-hyperthyroidism in patinets with prolactinomas.

5 AIP mutated tumors

After the discovery that AIP gene mutations can lead to familial forms of pitu-
itary adenomas including acromegaly, we decided to start a study comparing AIP
mutated patients with pituitary adenomas with a control group. Since the most

frequent adenomas were somatotropinomas (78.1%), the biggest control group
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that we needed was a group of non AIPmut acromegalic patients, matched for
age and sex. At that time, the patients from Liége were already encoded in the
LAS database. Therefore, we were able to query the database for a matched group
of patients and export their clinical, biological and radiological data to compare
with AIPmut patients. This study demonstrated that AIP mutated adenomas
appear at a younger age (with more frequent gigantism), are frequently cose-
creting PRL, are more aggressive, are less responsive to medical treatments and
impose a much more important burden on these patients compared to sporadic

cases of acromegaly [4].
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Figure VIIL.5: Density graph (left) and boxplot (right) of the age at diagnosis of AIPmut

acromegalic patients compared to control acromegalics.
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Chapter VIII

Discussion

This dissertation presents, in addition to the steps and the methodology of the
development of a new tool, its conception as an idea, the programming, the data
collection and results of the central study, looking at the application and analysis
of the data at diagnosis, of acromegaly [1, 2|.

The LAS was developed in order to address the double problem of the scarcity
of valid data on acromegaly (which is a relatively rare disease) and the huge
number of raw data that become available when populations from different centers
are pooled together.

I have to emphasize that our objective was not to go against the good statisti-
cal guidelines (hypothesis — data collection — data analysis — keeping or rejecting
the hypothesis) . Datamining has sometimes been accused of being a form of
datafishing |[3, 4] a practice where one selects from a number of variable and
multiple correlation tests, those that are statistically significant (the seeked-after
little p), discarding the others, and publishing random results as meaningful. It
is of course a practice that we tried to avoid. Our goal was to expand the process
of data collection, to better exploit the available but sometime underutilized data
and to help the process of hypothesis making by being thoroughly descriptive of
the disease.

In our study on the debulking of GH secreting pituitary adenomas, we com-
pared 24 patients partially responding to SSA without normalization of GH or

IGF-1. These patients were operated upon but not cured. Surgery however
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allowed us to reduce the tumoral mass and basal GH secretion. When these
patients were treated again with a SSA, a further reduction in GH and IGF-1
was noted, achieving significantly lower values than during SSA treatment before
surgery. Before surgery, 48% of patients achieved normal IGF-1 levels whereas

this number increased to 78 % after debulking.

This study demonstrated for the first time that debulking GH secreting pi-
tuitary adenomas helps achieve a better control of disease under SSAs. These

results were later confirmed in other centers.

During the setup of this study, we had to go through old patients files, selecting
the subjects based on specific criteria. This “return to old files” had to be done

manually and was very time consuming. It initiated the reflection that let us

develop the LAS database.

My own experience in the exploitation of the French Acromegaly Registry [5—
7], collaboration for ACROSTUDY [8] (a registry of acromegalic patients treated
by pegvisomant) and our participation to other registries like KIMS [9] (adult
growth hormone deficient patients treated by GH) made us look toward fields
other than medicine and to investigate methodologies that were developed and

used to assess problems that are sometimes quite similar to those we were facing.

The most crucial step in the process was when the list of questions was drafted
(see Chapter III, Section 6.1 and Chapter IV Section 1). This first step in the
process of data mining is the one that sets the goals of the project and orients
the development of the database [10]. With this list, we had a clear compass
indicating the direction to follow and it helped us build the backbone over which
we developed the project. I do not suggest that all the questions we drafted were
definitively addressing all aspects of acromegaly, nor that all of these questions
have or will find a convincing answer. Indeed, we decided to drop some of these
questions because we saw that with the limitations of this kind of retrospective
study, we could not answer them all. So we purposefully decided to concentrate
our efforts on the aspects for which we had sufficient hope to address due to

sufficient data being retrievable.

When the methodology was presented earlier in this thesis, “11 steps of data
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mining” (see Chapter III Sections 5 and 6) were described . It should be noted
that these so called 11 steps are not carved in stone. These 11 steps themselves
come from the work of Berry and Linoff [10] although other authors in the field
may present the process in less steps (5, 6 or 7) [11, 12]. I preferred presenting
our work using this 11 steps because they allow to dissect the reflection behind
the process in a more detailed way and make the routine (or what should become

a routine for good datamining practices) more understandable.

Before including other centers in the LAS, we first encoded the patients from
Liege (a total of 290) to ensure the adequacy and efficacy of this tool. This led
us to the first publication on the LAS and it was used as a proof of concept.
This publication demonstrated for the first time a number of characteristics on

acromegaly [1] that are also reported (in a much larger cohort) in Chapter VI.

Some of the notable things we demonstrated were the triangular relationship
between age, GH and tumor size, the correlation between glucose in non-diabetic
patients and IGF—1 levels but not GH, and the role of age as predictor for diabetes

and hypertension.

In this initial study we also looked at patient’s follow up. Before surgery,
SSA treatment allowed to control GH and IGF-1 in respectively 59.3 and 58.7
% of patients. There was a linear relation between initial GH and IGF-1 levels
and those achieved under SSAs. A higher rate of normalization was achieved in
older patients. During SSA pretreatment, a median tumor shrinkage of 9.1 %
was observed. Tumor debulking effects were evaluated in a non selected cohort
of patients. Debulking allowed a further 40% of reduction of IGF-1 levels under
SSA compared to the reduction achieved before surgery. At last evaluation, with
a combination of surgery and, if necessary SSA, 92% of patients were controlled.
Median age of death was 69.85 years compared to 74 years in Belgium. The
main cause of death was cancer followed by cardiovascular causes. This “proof-
of-concept” work done with patients from Liége [1] convinced us that the project

could be fruitfully extended to other centers.

We decided therefore to extend the numbers of patients included in the database.

We contacted 13 european centers with experience in clinical follow-up of acrome-
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galic patients, but also a background in publications on this subject. By targeting
these centers, we were expecting to maximize the amount of good quality data, to
be representative of european reference centers and to have the most homogenous

population in term of medical follow up. Things were, however, more complex.

When we started our first analyses, some unexpected aspects became appar-
ent. One of the most striking, was the differences we noted between centers. In
the present state of the work, I am not referring to the differences in treatment
or follow-up (which will be the subjects of future publication projects), but to
the difference in recruitment between each center. We were for instance surprised
to see the difference in sex ratio and age of patients at diagnosis. Some explana-
tions can be proposed. For instance, some centers may have a recruitment from
women’s health clinics, being attached or collaborating with local gynecological
centers, therefore having a more predominantly female population. More female
recruitment can also be due to some socio-cultural reasons, the male population
being less prone to consult hospital specialists for what they may consider as a
minor health problem. Geographic factors may also make some patients being
referred with longer delays to endocrinologist. Finally some centers do have a
selective recruitment of some categories of patients. For instance, young patients
with aggressive tumors resistant to SSA are frequently referred to the Rotterdam

center to initiate PEGV therapy [13].

The diversity of recruitment is not only a demographic curiosity but it may
also be the source of more challenging problems. Indeed, in the process of scien-
tific research, different international centers have published studies on aspects of
acromegaly, addressing tumor aggressiveness, comorbidities, responses to treat-
ments, treatment complications, etc. These studies have been published and are
the source of conclusions about acromegaly and sometimes guidelines on how to
follow and treat these patients [14-16|. One may wonder how much these guide-
lines are influenced by data that may be center specific. If one center publishes
data on the prevalence of diabetes and it’s complications, how should we look at
these results if the population of acromegalics that are followed are 10 years older

at diagnosis compared to another center?
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In the current work, by pooling the patients from different centers, we hope
to minimize the variations and to gain a more realistic image of acromegaly in
Europe. But what about the rest of the world? We will hopefully address this

point in a later phase.

Coming back to acromegaly at diagnosis, we saw some trends that were chang-
ing over time. Age of diagnosis was progressively increasing with time (Chapter
VI Section 2). Acromegalic patients diagnosed after 2010 were older than those
diagnosed between 2000-2010, which where older that those diagnosed between
1990-2000 and so forth. In each decade, patients who were diagnosed were older

than those of the previous decades.

Of course, the disease called acromegaly is not changing [17] and we do not
believe that with time acromegaly is starting in older patients whereas it was
limited to younger subjects in the years before. We believe that this change in
the age of patients is due to a better awareness from the healthcare providers
(and even maybe in the general population). Indeed, when looking at older
patients, we are facing milder forms of the disease, with smaller adenomas and
lower GH values. We believe that a number of older patients with a milder form
of the disease were undiagnosed before. The same patients, with the same clinical

features, will today have a greater likelihood to be diagnosed with acromegaly.

This trend of more older patients being diagnosed with time was present in
all centers with the exception of Sofia. With more than 800 patients encoded in
the LAS database, we believe that the data for Sofia are representative of the
local situation. Bulgarian patients present this trend of increasing age with time
only after 1990. This may correspond to the social and political changes that
appeared with the fall of communism followed with a change in the practice of
medicine, with access to a more open health care system. This potential trend
could somehow be a measure of the evolution of the quality of endocrine care in
Bulgaria. Of course, this hypothesis needs to be demonstrated by confirming this

trend in Sofia in the coming years and also in other former Easter bloc centers.

Looking at patients’ age, we identified another important trend (Chapter

VI.8). GH levels at diagnosis tend to decrease with the age of the patients,
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the younger the patient, the higher the GH. Tumor size showed the same trend:
the younger the patient, the bigger the tumor. GH levels also increased with
tumor size (with the exception of very big tumors, a case that is addressed later
in this discussion). This illustrates a triangular relation in which the older the
patient, the smaller the tumor and the lower the GH levels [5] whereas the
younger the patient, the bigger the tumor and the higher the GH. This trian-
gular concept is just the description of the population but what lies behind it?
Different explanations could be given. For instance one may hypothesize that
older patients are more sensitive to GH excess and that small tumors, with low
GH secretion, appearing in older subjects become clinically significant and lead
to diagnosis, whereas the same tumor with the same low GH values would go

clinically unnoticed in a younger subject.

Another theory could be that we have different “populations” of pituitary
adenomas [18] appearing more or less in the same time early in life. Some
are very aggressive and grow rapidly secreting high amount of GH and become
rapidly clinically significant whereas other tumors, appearing at the same age as
the aggressive ones, grow very slowly, with less GH and less clinical manifestations
and that these tumors lead to a clinically significant acromegaly much later in

life.

The existence of different populations of GH secreting adenomas has been
demonstrated in different studies. For instance, we demonstrated that acrome-
galic patients with AIP mutations are significantly younger and they have more
aggressive tumors with higher GH secretion [19]. Our and other studies of GH se-
creting adenomas on T2-MRI imaging [20] show that hypo-intense adenomas are
in general small and less aggressive with less tumoral invasion compared to iso or
hyper-intense adenomas and that these two types of adenomas behave distinctly

(although they may represent the two extremes of a continuum).

Regarding the relation between tumor size and secretion, we observed that
GH levels increased with size until a certain point. For tumors greater than 20
mm in diameter, the relation between GH levels and size disappeared. These

large low GH-secreting tumors may represent a distinct population of adenomas.
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The low secretion may also be due to tumoral necrosis. We did not have adequate
histological information regarding these tumors to explain this observation, that
was made when data analysis was ongoing and patients already encoded. We
believe that other studies looking at the histological features of these large, low

GH-secreting tumors could be fruitful.

We attempted to address the problem of routine GH testing in acromegalic
patients. GH is secreted in a pulsatile nycthemeral pattern with spikes early in
the night [21]. It is also stimulated during effort and hypoglycemia. An ideal
way to measure GH secretion would be to evaluate the 24h profile of hormonal
levels or at least an 8 hour profile [22]. In outpatients, this could obviously
not be done easily. The gold standard for GH measurements is the nadir of
GH during OGTT [14, 16, 22]. OGTT are routinely performed in patients at
diagnosis and when precise evaluation of GH is need, for instance to assess the
results of pituitary surgery. For outpatients’ routine visits to endocrinologists , it
is however customary to measure random GH. There is always a doubt whether
these random GH levels are a true representation of GH secretory status. In
our study, random GH levels correlated closely with GH nadir under OGTT,
therefore indicating that these random GH measurements can be used for routine

evaluation of our patients.

At diagnosis, 24.5% of patients had known type 2 diabetes, which was com-
parable to what we had published in another study with the French Acromegaly
Registry [6]. When OGTT was performed for the assessment of GH, a further 24
patients were diagnosed as having type 2 diabetes bringing the total prevalence

to 27.5% of diabetes at diagnosis.

Hyperglycemia is one of the known comorbidities of acromegaly. Different
mechanisms have been proposed to explain this effect, among which are GH
mediated insulin resistance and glucose receptor down-regulation. IGF-1 in itself
has a hypoglycemic effect.

One question that has been subject of debate in acromegaly was to decide

which of the two hormones, GH or IGF-1 is the best representation of the activity

of acromegaly. In other words, is acromegaly as a disease more active in a patient
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in whom we measure high levels of GH and relatively low levels of IGF-1 or in a

patient with normal or low GH measurements and high IGF-17

We tried to answer this question first by looking at the metabolic status of our
patients. We first removed from the study the patients that were known diabetics
and we focused on the remaining. We looked at glucose levels, whether fasting
or at 120 mn under OGT'T, to see if they correlated with GH and IGF-1. We
did not find any correlation between GH and glucose but there was a significant

correlation between glucose and IGF-1.

The same analysis was then performed using red blood cells (RBC) count
and hemoglobin concentrations. Due to the difference in males and females for
these two parameters, we had to perform this analysis in two separate groups.
Neither RBC counts nor hemoglobin concentrations correlated with GH, but both
correlated with IGF-1, in the two separate male and female groups. These results
show that regardless of their respective physiologic properties, IGF-1 levels are

a better representation of the activity of acromegaly than GH levels.

Cardiovascular comorbidities |23, 24] are known as being one of the main
causes of mortality [25] in acromegalic patients. In our series, we tried to look at
different factors influencing the prevalence of these complications (hypertension,
cardiac hypertrophy, heart failure, ischemic heart disease, stroke). On multi-
variate analysis, patients age appeared as the main confounding factor regarding
these comorbidities. This does not rule out an harmful effect of GH and IGF-
1 hypersecretion. It could perhaps be explained by the fact that milder forms
of acromegaly are more and more being diagnosed in which comorbidities are
less evident and also that improvement in healthcare techniques is beneficial to
acromegalic patients. In later studies, we may try to compare age and sex matched
groups of non-acromegalic subjects with our patient cohort and also look at long

term data comparing controlled vs active cases of acromegaly during follow-up.

Cancer prevalence is reported to be slightly increased in acromegaly studies
and meta-analyses [26-28|. This increase is supposedly due to the increase in
IGF-1 levels. Cancer data at diagnosis did not show a significant increase of

cases in comparison with european data. Breast cancer in women was the most
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frequently reported neoplasia followed by thyroid carcinomas. As with cardio-
vascular comorbidities, it will be interesting to study cancer incidence in the

follow-up of these patients.

The main difficulty in studying comorbidities in retrospective series is related
to the absence of systematic screening of some of these. Thyroid nodules were
for instance reported in the LAS database in 34 % of patients whereas systematic
screening for thyroid nodules in some centers shows a prevalence close to 70%,
a prevalence that is also reported in studies where acromegalic patients were
systematically screened by thyroid ultrasonography [29]. Sleep apnea syndrome
(SAS) was reported in 25.5 % of patients, whereas systematic screening in one of
the participating centers showed a prevalence of 69% [30]. Colonic polyps [31]
were reported in 13 % of patients who had colonoscopy, but only 23% of patients

had systematic colonoscopy at diagnosis.

Although initially the LAS database had a very focused application goal, we
discovered that the structure of the tool allows us to adapt it to other projects

or to use it in studies that were not initially planned.

Using their own patient population (Chapter VII.1) | one of the centers partic-
ipating in the LAS had developed a formula allowing them to predict the PEGV
dose that a patient not controlled by SSA will need to be treated, either as PEGV
mono-therapy or with PEGV /SSA association. By using the LAS query facilities,
we were able to select a target group of patients and use them as a validation
group, showing that the formula can indeed calculate the future PEGV dose with
good accuracy [32]. For patients with PEGV and SSA dual therapy, age, height,
weight and initial IGF-1 levels contributed in calculating the optimal dose for
PEGV. For patients on PEGV monotherapy, only weight contributed in calcu-
lating the required dose. This study may help one reach faster the optimal dose
of PEGV needed in acromegalic patients during the titration phase.

ZAC1 is a tumor suppressor who’s expression is induced in pituitary tumors
when patients are treated by SSA [33, 34]. In a collaborative study, we were
interested to look at the immunoreactivity of ZAC1 in pituitary adenomas of

acromegalic patients treated by SSA before surgery. We used the initial version



126 Chapter VIII. Discussion

of the LAS database (with patients from Liége only) to select a group of patients
operated upon and pretreated with SSA. Tumor samples were analyzed when
available. By using the clinical and biological data recorded in the LAS, the
immunoreactivity of tumors was compared to the clinical and biological response
to SSA. This study demonstrated that higher immunoreactivity for ZAC1 in
tumor cells was associated with a better biological response and higher tumor
shrinkage under SSAs [35]. Since ZACI is a tumor suppressor, these findings
suggest that it plays a direct role in the SSA mediated response to treatment and

tumor shrinkage.

Another center participating to the LAS project contacted us for a collab-
orative study on hyperprolactinemia and auto-immune thyroid disease (AITD).
This study implied to use an extensive group of patients with prolactinomas and
to analyze their clinical and biological data. Therefore we needed to develop a
database specific for this project. By looking on the variables we needed to ana-
lyze, we saw that a significant number of these were already present in the LAS
database (although the study populations were of course different). We decided
therefore to make a fork of the LAS database and to use it for this new project.
Since the LAS was conceived as a relational database, we only needed to add a
targeted table of the exact variables needed for this new study, without rebuilding
a new database. Finally a total of 462 patients with prolactinomas were included
in that study. AITD prevalence in our control group was comparable to published
data from community studies. In patients with prolactinomas, a higher preva-
lence of AITD was seen both in males and females [36]. This study suggested
a possible effect of hyperprolactinemia in thyroid auto-immunity and raised the

question whether patients with prolactinomas should be screened for AITD.

Mutations in aryl hydrocarbon receptor interacting protein (AIP) gene confer
a predisposition for the development of familial pituitary adenomas [37] . In a
publication comparing acromegalic patients with and without AIP mutations, we
used the LAS database to select a control group of subjects from our center with
their clinical and biological data [19]. These acromegalic patients were included

in a larger cohort of control subjects from different countries. The majority of
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patients with pituitary tumors and AIP mutations had somatotropinomas and
2/3 were male. This study showed that acromegalic patients with AIP mutations
are younger, 1/3 patients presenting with gigantism due to GH hypersecretion
appearing before the end of growth and epiphyseal closure. These patients have
more aggressive tumors and multiple surgeries were more frequents in this group
with a trend of more frequent radiotherapies. In these patients GH levels are
also significantly higher and more than 50 % cosecreted PRL and GH. Hormonal
response to SSA is poorer in the mutated group, as is the response to pegvisomant.
This study demonstrated that AIP mutated patients represent a special form of
acromegaly, with younger patients and tumors that are more aggressive and more
difficult to treat both medically and surgically.

In summary, the LAS has fulfilled it’s goals set for the initially planned part
of the project and seems promising in exploring the followup and final outcome
of acromegalic patients in a multicentric study. Moreover, this tool has shown
it’s versatility and adaptability to be used in other studies that were not in our

initial blueprint.
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Chapter IX

Conclusions and perspectives

1 Conclusions

e This work describes the development and first use of the LAS database, a
new tool that we designed to collect data on acromegaly. This tool was
eventually extended to other studies on acromegaly and pituitary diseases

that were not in the original project.

e We have been able to collect a huge amount of data on acromegaly, making

it the biggest and most complete database for this disease.

e We have demonstrated new aspects of acromegaly showing, for instance,
the changing age at diagnosis of our patients and the correlation between

age, tumor size and tumor secretion.

e We have demonstrated that IGF-1 is a better marker of disease activity

than growth hormone.

e We have revealed the differences in patient population even between similar

centers, revealing the biases that might affect single center studies.

e We have highlighted that there are different phenotypes of acromegaly and
that each of these patient groups have their own characteristics and poten-

tially different disease evolution.
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e We have shown that it is possible to conceive, design, build, launch and run

a multicentric database in a complex rare disease.

e We have shown why the choice of technology is crucial to the workability
of a data collection system and why, for instance, a relational database is

superior to a simple registry.
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2 Perspectives

e The work presented in this thesis is the first part of our analysis of acromegaly
and was focused on the development of the LAS database and a study of
the presentation of the disease at diagnosis. The two next steps will be to
study the disease during treatment and then to assess the situation at last

follow-up.

e A further step will be to extend the study to other centers and other coun-
tries, increasing the patient base. This step will be mandatory to dig deeper
into some aspects of the disease that need a bigger population to have sta-

tistically significant analyses.

e The database can be extended to include variables that were not available
at the outset of the study. For instance, radiological data like MRI T2 signal
of the adenoma, histopathological data etc., were not part of the blueprint
but recent scientific developments suggest that they might be added to our

initial design.

e The knowledge we will gain in the future may one day allow us to propose
a tailored approach to treating our patients by differentiating each group

and subgroup based on age, MRI, laboratory results and genetics.



138 Chapter IX. Conclusions and perspectives




Part C

Contributing articles

139






141

Articles list:

1. Gross total resection or debulking of pituitary adenomas improves hor-
monal control of acromegaly by somatostatin analogs. Petrossians P,
Borges-Martins L, Espinoza C, Daly A, Betea D, Valdes Socin HG, Stevenaert
A, Chanson P, and Beckers A, 2005. European Journal of Endocrinology, volume
152(1):pages G1-66. . ........coioii 143

2. The Liege Acromegaly Survey (LAS): A new software tool for the study
of acromegaly. Petrossians P, Tichomirowa M, Stevenaert A, Martin D, Daly

A, and Beckers A, 2012. Ann. d’Endocrin., volume 73:pages 190-201........ 150

3. Acromegaly at diagnosis in 3173 patients from the Liége Acromegaly
Survey (LAS) Database. Petrossians P, Daly A, Natchev E, Maione L, Bli-
jdorp K, Sahnoun Fathallah M, Auriemma R, Diallo AM, Hulting AL, Ferone
D, Hana V, Filipponi S, Sievers C, Nogueira C, Fajardo Montanana C, Carvalho
DMC, Hana V, Stalla GK, Jaffrain-Rea ML, Delemer B, Colao AAL, Brue T, Neg-
gers SJCMM, Zacharieva S, Chanson P, and Beckers A, 2017. Endocrine-Related
Cancer., volume 24, pages 505-518 ... ..o 161

4. Clinical Characteristics and Therapeutic Responses in Patients with
Germ-Line AIP Mutations and Pituitary Adenomas: An International
Collaborative Study. Daly A, Tichomirowa MA, Petrossians P, HeliGvaara E,
Jaffrain-Rea ML, Bar- lier A, Naves LA, Ebeling T, Karhu A, Raapana A, Caz-
abat L, De Menis E, Montanana CF, Raverot G, Weil RJ, Sane T, Maiter D,
Neggers S, Yaneva M, Tabarin A, Verrua E, Eloranta E, Murat A, Vierimaa O,
Salmela P, Emy P, Toledo R, Sabate MI, Villa C, Popelier M, Salvatori R, Jen-
nings J, Ferrandez Longas A, Labarta Aizpun J, Georgitsi M, Pashke R, Ronchi
C, Valimaki M, Saloranta C, De Herder W, Cozzi R, Guitelman M, Magri F,
Lagonigro MS, Halaby G, Corman V, Hagelstein MT, Vanbellinghen JF, Barra
GB, Gimenez- Roqueplo AP, Cameron F, Borson-Chazot F, Holdaway I, Toledo
S, Stalla GK, Spada A, Zacharieva S, Bertherat J, Brue T, Bours V, Chanson
P, Aaltonen LA, and Beckers A, 2010. Journal of Clinical Endocrinology and
Metabolism, volume 95(11). doi:10.1210/ jc.2009-2556. . .................... 175



142

5. Tumor ZAC1 expression is associated with the response to somato-

statin analog therapy in patients with acromegaly Theodoropoulou M,
Tichomirowa MA, Sievers C, Yassouridis A, Arzberger T, Hougrand O, Deprez
M, Daly A, Petrossians P, Pagotto U, Beckers A, and Stalla GK, 2009. Interna-
tional Journal of Cancer = Journal International du Cancer, volume 125(9):pages

RI22-0. . 187

. A multivariable prediction model for pegvisomant dosing: monother-

apy and in combination with long-acting somatostatin analogues. Franck
SE, Korevaar T, Petrossians P, Daly A, Chanson P, Jaffrian-Rea M, Brue T, Stalla
GK, Carvalho D, Colao AAL, Hana V, Delemer B, Montaniana CF, Van der Lely
AlJ, Beckers A, and Neggers SJCMM, 2017. European Journal of Endocrinology.
d01:10.1580/EJE-16-0956. . . ... ... 197

High prevalence of autoimmune thyroid diseases in patients with pro-
lactinomas: A cross-sectional retrospective study in a single tertiary
referral centre. Elenkova A, Petrossians P, Zacharieva S, and Beckers A, 2016.

Annales d’Endocrinologie, volume T7:pages 8T—42. ... . 209



Part D

Supporting articles






217

Articles list:

1. Changes in the management and comorbidities of acromegaly over
three decades: the French Acromegaly Registry. Maione L, Brue T,
Beckers A, Delemer B, Petrossians P, Borson-Chazot F, Chabre O, Francois P,
Bertherat J, Cortet C, and Chanson P, 2017. European Journal of Endocrinology,
volume 176(5):pages 645-655. ... .. .. 219

2. I’acromeégalie du sujet a4gé. Dupuy O, Petrossians P, Brue T, Morange I,
Bordier L, Mayaudon H, Bauduceau B, and le groupe des investigateurs du reg-

istre francais de acromégalie, 2009. Ann Endocrinol (Paris) volume 70(4):pages

3. Diabetes in acromegaly prevalence risk factors and evolution: data
from the French Acromegaly Registry. Fieffe S, Morange I, Petrossians P,
Chanson P, Rohmer V, Cortet C, Borson- Chazot F, Brue T, Delemer B, and
French Acromegaly Registry, 2011. Eur J Endocrinol, 2010, volume 164(6):pages
T8 v et 237

4. Which patients with acromegaly are treated with pegvisomant? An
overview of methodology and baseline data in ACROSTUDY. Brue T,
Castinetti F, Lundgren F, Koltowska-Haggstrom M, Petrossians P, and ACROS-
TUDY investigators, 2009. Fur J Endocrinol, volume 161:pages S11-7. .. ... 245

5. Commentary on: Does the nadir growth-hormone level predict re-
sponse to somatostatin-analogue therapy? Beckers A, Daly A, and Pet-
rossians P, 2006. Nature Clinical Practice Endocrinology and Metabolism, volume

2(1):pages 12-13. ... 252

6. Genetic susceptibility in pituitary adenomas: from pathogenesis to
clinical implications. Jaffrain-Rea ML, Daly A, Angelini M, Petrossians P,

Bours V, and Beckers A, 2011. Expert Review of Endocrinology and Metabolism.

7. Clinical and genetic characterization of pituitary gigantism: an inter-
national collaborative study in 208 patients. Rostomyan L, Daly A, Pet-

rossians P, Natchev E, Lila AR, Lecoq AL, Lecum- berri Santamaria B, Trivellin



218

10.

G, Salvatori R, Moraitis A, Holdaway I, Kranenburg-Van Klaveren D, Zatelli MC,
Palacios N, Nozieres C, Zacharin M, Ebeling TML, Ojaniemi M, Rozhinskaya L,
Verrua E, Jaffrain Rea ML, Fil- ipponi S, Guskova D, Pronin V, Bertherat J,
Belaya Z, Ilovaiskaya I, Sahnoun Fathallah M, Sievers C, Stalla GK, Castermans
E, Caberg JH, Sorkina E, Au- riemma R, Mittal S, Kareva M, Lysy P, Emy P,
de Menis E, Choong C, Mantovani G, Bours V, de Herder WW, Brue T, Barlier
A, Neggers S, Zacharieva S, Chan- son P, Shah N, Stratakis CA, Naves LA, and
Beckers A, 2015. Endocrine-related cancer, volume 22, pages T45-57 ........ 275

Pituitary MRI characteristics in 297 acromegaly patients based on T2-
weighted sequences. Potorac I, Petrossians P, Daly A, Schillo F, Ben Slama
C, Nagi S, Sahnoun Fathallah M, Brue T, Girard N, Chanson P, Nasser G, Caron
P, Bonneville F, Raverot G, Lapras V, Cotton F, Delemer B, Higel B, Boulin A,
Gaillard S, Luca F, Goichot B, Dietemann JL, Beckers A, and Bonneville JF,
2015. Endocrine-related cancer, volume 22, pages 169-77.................... 289

. T2-weighted MRI signal pre- dicts hormone and tumor responses to

somatostatin analogs in acromegaly. Potorac I, Petrossians P, Daly A, Alex-
opoulou O, Borot S, Sahnoun Fathal- lah M, Castinetti F, Devuyst F, Jaffrain
Rea ML, Briet C, Luca F, Lapoirie M, Zoicas F, Simoneau I, Diallo A, Muham-
mad A, Kalestimur F, Nazzari E, Garcia Centeno R, Webb SM, Nunes ML, Hana
V, Pascal-Vigneron V, Ilovayskaya I, Nasybullina F, Achir S, Ferone D, Neggers
S, Delemer B, Petit JM, Schoefl C, Raverot G, Goichot B, Rodien P, Corvilain B,
Brue T, Schillo F, Tshibanda L, Maiter D, Bonneville JF, and Beckers A, 2016.
Endocrine-Related Cancer, volume 23(11):pages 871-881.................... 299

The causes and consequences of pituitary gigantism. Beckers A, Pet-
rossians P, Hanson J and Daly A, 2018. Nature Reviews Endocrinology, invited

review, Submitted . ... ... . . . 311



Part E

List of publications






Books and book chapters 361

Books and book chapters

1

2]
13l

[4]

5]

[6]

7]

18]

19]

[10]

PETROSSIANS P, PETIGNOT S, BENOIT A, ET AL, 2015; Echographie de la Thyroide.
Graphmed SPRL. ISBN 978-1-326-23938-1.

Pororac I, RosToMYAN L, BONNEVILLE JF, ET AL, 2014; Pituitary Update. Ipsen.

HANSEN I, VROONEN L, TICHOMIROVA M, ET AL, 2006; Pathologie inflammatoire de
I’hypophyse et grossesse. In Pathologie hypophysaire et grossesse, pages 129-145 (Ch.
10). Springer-Verlag. ISBN 2-287-35571-5. doi:10.1007/978-2-287-35572-1 10.

Dary A, Sawvi R, PETROSSIANS P, ET AL, 2005; Male hypogonadism caused by
isolated luteinizing hormone deficiency. In 37th International symposium - GH and

Growth Factors in Endocrinology and Metabolism (Athénes Symposium), pages 119-122.

VAN DER LELY A, BECKERS A, DALY A, ET AL, 2005; Acromegaly — Pathology, di-

agnosis and treatment. Taylor and Francis Group. (Contribution as illustrator).

BECKERS A, CICCARELLI A, VALDES SOCIN HG, ET AL, 2004; Gonadotropin secreting
tumors. In The Encyclopedia of Endocrinology and Endocrine Diseases, pages 326-330
(Vol. 2). Academic Press. ISBN 92101-4495.

VALDES SOCIN HG, BETEA D, PETROSSIANS P, ET AL, 2002; Le réle de plus en plus

large des analogues de la somatostatine dans la thérapeutique. Novartis.

PETROSSIANS P, STEVENAERT A, and BECKERS A, 1998; Die medikament&se behand-
lung von prolaktinomen mit cabergolin. In Aktuelle Diagnostik und therapie bei

Storungen der Prolaktinsekretin, pages 40-50. SMV.

PETROSSIANS P, STEVENAERT A, and BECKERS A, 1998; Tratamiento farmacologico
de la hiperprolactinemia. In Hiperprolactinemias : Avances en el Diagnostico y

tratamiento de las hiperprolactinemias, pages 22-25.

CHANSON P and PETROSSIANS P, 1998; Les Adénomes hypophysaires non fonction-

nels. John Libbey Eurotext.

CDROMs

1
2]

BECKERS A and PETROSSIANS P, 2007; Pituitary adenomas. Graphmed Ltd., 4th edition.

BECKERS A and PETROSSIANS P, 2004; The Genetics of Growth Hormone Axis.

Graphmed Ltd., 2nd edition.



362 Articles

3]

4]

5]

BECKERS A and PETROSSIANS P, 2004; Adult Growth Hormone Deficiency. Graphmed
Ltd., 3rd edition.

BECKERS A and PETROSSIANS P, 2001; Adenomi Ipofisari. Graphmed Ltd.

BECKERS A and PETROSSIANS P, 2001; Les adénomes hypophysaires. Graphmed Ltd.

Articles

1]

2]

131

4]

151

BECKERS A, PETROSSIANS P, HANSON J, and ADRIEN. D, 2018; The cause and con-
sequences of pituitary gigantism. Nature Reviews Endocrinology, invited review, sub-

mitted.

DaLy AF, CASTERMANS E, OUuDIJK L, GUITELMAN MA, BECKERS P, POTORAC I, NEG-
GERS SJCMM, SACRE N, vaAN DER LELY AJ, BoURs V, DE HERDER WW, and BECK-
ERS A, 2018; Pheochromocytomas and pituitary adenomas in three patients
with max exon deletions. FEndocr Relat Cancer, volume 25(5):pages L37-L42. doi:
10.1530/ERC-18-0065.

VROONEN L, LANCELLOTTI P, GARCIA MT, DULGHERU R, RUBIO-ALMANZA M, MAIGA
I, MAGNE J, PETROSSIANS P, AURIEMMA R, DALY AF, and BECKERS A, 2017; Prospec-
tive, long-term study of the effect of cabergoline on valvular status in pa-
tients with prolactinoma and idiopathic hyperprolactinemia. FEndocrine, vol-
ume 55(1):pages 239-245. ISSN 1559-0100 (Electronic); 1355-008X (Linking). doi:
10.1007/s12020-016-1120-5.

PETROSSIANS P, DALY A, NATCHEV E, MAIONE L, BLIJDORP K, SAHNOUN FATHALLAH
M, AURIEMMA R, DiaLLO AM, HULTING AL, FERONE D, HANA V, FILIPPONI S, SIEVERS
C, NOGUEIRA C, FAJARDO MONTANANA C, CARVALHO DMC, HANA V., StAaLLA GK,
JAFFRAIN-REA ML, DELEMER B, CoLAO AAL, BRUE T, NEGGERS SJCMM, ZACHARIEVA
S, CHANSON P, and BECKERS A, 2017; Acromegaly at diagnosis in 3173 patients
from the liege acromegaly survey (LAS) database. Endocrine-Related Cancer,

volume 24(10):pages 505-518. doi:10.1530/ERC-17-0253.

Franck SE, KOREVAAR T, PETROSSIANS P, DALY A, CHANSON P, JAFFRIAN-REA M,
BrUE T, STALLA GK, CARVALHO D, CoLAO AAL, HANA V, DELEMER B, MONTANANA
CF, VAN DER LELY AJ, BECKERS A, and NEGGERS SJCMM, 2017; A multivariable
prediction model for pegvisomant dosing: monotherapy and in combination
with long-acting somatostatin analogues. Furopean Journal of Endocrinology. doi:

10.1530/EJE-16-0956.



Articles 363

[6]

7]

18]

19]

[10]

[11]

MaIioNE L, BRUE T, BECKERS A, DELEMER B, PETROSSIANS P, BORSON-CHAZOT F,
CHABRE O, Francois P, BERTHERAT J, CORTET C, and CHANSON P, 2017; Changes
in the management and comorbidities of acromegaly over three decades. the
french acromegaly registry. European Journal of Endocrinology, volume 176(5):pages

645-655. doi:10.1530/EJE-16-1064.

VROONEN L, LANCELLOTTI P, GArRciA MT, DULGHERU RE, RUBIO-ALMANZA M,
MAIGA I, MAGNE J, PETROSSIANS P, AURIEMMA R, DALY A, and BECKERS A, 2017; Er-
ratum to: Prospective, long-term study of the effect of cabergoline on valvular
status in patients with prolactinoma and idiopathic hyperprolactinemia. Fn-

docrine, volume 55(1):page 246. doi:10.1007/s12020-016-1177-1.

PoTORAC I, PETROSSIANS P, DALY A, ALEXOPOULOU O, BOROT S, SAHNOUN FATHAL-
LAH M, CASTINETTI F, DEvUYST F, JAFFRAIN REA ML, BRIET C, LUCA F, LAPOIRIE M,
Z01CAS F, SIMONEAU I, DIALLO A, MUHAMMAD A, KALESTIMUR F, NAZZARI E, GARCIA
CENTENO R, WEBB SM, NUNES ML, HANA V, PASCAL-VIGNERON V, ILOVAYSKAYA I,
NASYBULLINA F, ACHIR S, FERONE D, NEGGERS S, DELEMER B, PETIT JM, SCHOEFL
C, RAVEROT G, GoicHOT B, RODIEN P, CORVILAIN B, BRUE T, SCHILLO F, TSHIBANDA
L, MAITER D, BONNEVILLE JF, and BECKERS A, 2016; T2-weighted MRI signal pre-
dicts hormone and tumor responses to somatostatin analogs in acromegaly.

Endocrine-Related Cancer, volume 23(11):pages 871-881. doi:10.1530/ERC-16-0356.

ELENKOVA A, PETROSSIANS P, ZACHARIEVA S, and BECKERS A, 2016; High preva-
lence of autoimmune thyroid diseases in patients with prolactinomas : A
cross-sectional retrospective study in a single tertiary referral centre. Annales

d’Endocrinologie, volume 77:pages 37-42.

JEDIDI H, ROSTOMYAN L, POTORAC I, DEPIERREUX F, PETROSSIANS P, and BECKERS
A, 2016; Advances in diagnosis and management of familial pituitary adenomas.

International Journal of Endocrine Oncology, volume 3(4):pages 313-323.

BECKERS A, LobpisH M, TRIVELLIN G, RosToMYAN L, LEE M, FAaucz F, YUAN B,
CuoonG C, CABERG JH, VERrRUA E, Naves L, CHEETHAM T, Younc J, Lysy P,
PETROSSIANS P, COTTERILL A, SHAH N, METZGER D, CASTERMANS E, AMBROSIO M,
ViLLA C, STREBKOVA N, MAZERKINA N, GAILLARD S, BARRA G, CASULARI L, NEG-
GERS S, SALVATORI R, JAFFRAIN-REA M, ZACHARIN M, LECUMBERRI SANTAMARIA B,
ZACHARIEVA S, MUN Lim E; MANTOVANI G, ZATELLI M, CoLLINS M, BONNEVILLE JF,
QUEZADO M, CHITTIBOINA P, OLDFIELD E, Bours V, Liu P, DE HERDER W, PELLE-

GATA N, Lupskl J, DALYy A, and STRATAKIS C, 2015; X-linked acrogigantism syn-



364 Articles

drome : Clinical profile and therapeutic responses. FEndocrine-Related Cancer,

volume 22:pages 353-367. doi:10.1530/ERC-15-0038.

[12] GERARD C, JEDIDI H, PETROSSIANS P, KRzZESINSKI F, DALY A, and BECKERS A,
2015; Vieux phenotype et nouveaux genotypes actualités dans le domaine des

adénomes hypophysaires. Revue Médicale de Liége, volume 70(11):pages 569-574.

[13] KrREUTZ J, VROONEN L, CATTIN F, PETROSSIANS P, THIRY A, ROSTOMYAN L,
TsHIBANDA L, BECKERS A, and BONNEVILLE JF, 2015; Intensity of prolactinoma on
t2-weighted magnetic resonance imaging: towards another gender difference.

Neuroradiology. doi:10.1007/s00234-015-1519-3.

[14] PoTorAC I, PETROSSIANS P, DALY A, ScHILLO F, BEN SpaMA C, NAGI S, SAHNOUN
FaTHALLAH M, BRUE T, GIRARD N, CHANSON P, NASSER G, CARON P, BONNEVILLE
F, RavEroT G, LAPrAS V, CoTTON F, DELEMER B, HIGEL B, BOULIN A, GAILLARD
S, Luca F, GoicHOT B, DIETEMANN JL, BECKERS A, and BONNEVILLE JF, 2015; Pi-
tuitary MRI characteristics in 297 acromegaly patients based on t2-weighted

sequences. Endocrine-related cancer, volume 22:pages 169-77.

[15] RosTomMYAN L, DALY A, PETROSSIANS P, NATCHEV E, LiLa AR, LEcoqQ AL, LECUM-
BERRI SANTAMARIA B, TRIVELLIN G, SALVATORI R, MORAITIS A, HOLDAWAY I,
KRANENBURG-VAN KLAVEREN D, ZATELLI MC, PALACIOS N, NOZIERES C, ZACHARIN
M, EBELING TML, OJANIEMI M, ROZHINSKAYA L, VERRUA E, JAFFRAIN REA ML, FiL-
IPPONI S, GUSKOVA D, PRONIN V, BERTHERAT J, BELAYA Z, ILOVAISKAYA I, SAHNOUN
FATHALLAH M, SIEVERS C, STALLA GK, CASTERMANS E, CABERG JH, SORKINA E, AU-
RIEMMA R, MITTAL S, KAREVA M, Lysy P, EMY P, DE MENIS E, CHOONG C, MANTOVANI
G, Bours V, DE HERDER WW, BRUE T, BARLIER A, NEGGERS S, ZACHARIEVA S, CHAN-
SON P, SHAH N, STRATAKIS CA, NAVES LA, and BECKERS A, 2015; Clinical and genetic
characterization of pituitary gigantism: an international collaborative study in

208 patients. Endocrine-related cancer, volume 22(5):pages 745-57.

[16] VASILEV V, DALY A, THIRY A, PETROSSIANS P, FINA F, ROSTOMYAN L, S1zvy M, ENJAL-
BERT A, BARLIER A, and BECKERS A, 2014; Mccune-albright syndrome: A detailed
pathological and genetic analysis of disease effects in an adult patient. The Jour-

nal of clinical endocrinology and metabolism, page jc20141291. doi:10.1210/jc.2014-1291.

[17] PoTORAC I, PETROSSIANS P, ScHILLO F, BEN SLAMA C, NAGI S, SAHNOUN M, BRUE T,
GIRARD N, CHANSON P, NASSER G, CARON P, BONNEVILLE JF, RAVEROT G, LAPRAS V,
CotToN F, DELEMER B, HIGEL B, BOULIN A, GAILLARD S, GOICHOT B, DIETEMANN

J, KREUTZ J, TSHIBANDA L, BECKERS A, and BONNEVILLE J, 2013; Corrélations



Articles 365

[18]

[19]

[20]

[21]

[22]

23]

significatives de ’aspect en IRM haute résolution des adénomes hypophysairesa

GH avant traitement. Annales d’Endocrinologie, volume 74:page 259.

RosToMYAN L, DALy A, LiLA A, LEcOQ A, NACHEV E, KRANENBURG D, HOLDAWAY
I, FiLippoNI S, SIEVERS C, SAHNOUN-FATHALLAH M, OJANIEMI M, SORKINAN E, Ti-
CHOMIROWA M, ILOVAISKAYA I, ZACHARIN M, BERTHERAT J, MALCHIODI E, SALVATORI
R, LABOUREAU-SOARES BARBOSA S, MAITER D, MCCORMACK A, VON WERDER K,
ROZHINSKAYA L, DAL J, AURIEMMA R, METZGER D, JORGENSEN J, DREVAL A, EBEL-
ING T, FERONE D, STALLA G, BECK-PECCOZ P, AALTONEN L, CoLAO A, PRONIN V|,
BARLIER A, BRUE T, ROHMER V, MUKHOPADHYAY S, BORSON-CHAZOT F, NEGGERS
S, JAFFRAIN-REA M, STRATAKIS C, CHANSON P, ZACHARIEVA S, PETROSSIANS P, SHAH
N, and BECKERS A, 2013; Le gigantisme : Les résultats d’une étude clinique et

génétique internationale. Annales d’Endocrinologie, volume 74:page 260.

BENOIT A, BOUQUEGNEAU A, PETROSSIANS P, and BECKERS A, 2013; Malabsorption
des hormones thyroidiennes... ou simple manque de compliance ? Revue Médicale

de Liege, volume 68(3):pages 118-121.

PETROSSIANS P, ZACHARIEVA S, CHANSON P, NEGGERS S, CoLAO A, HULTING A, DELE-
MER B, BRUE T, HANA V, STaLLA G, MINUTO F, JAFFRAIN REA M, CARVALHO D,
FajarpO C, DALy A, and BECKERS A, 2012; GH or IGF-1 : which one is raising
blood glucose ? hints from the las (liege acromegaly survey). Journal of Klinische

Endokrinologie und Stoffwechsel, volume 5(3).

PETROSSIANS P, ZACHARIEVA S, CHANSON P, NEGGERS S, CoLAO A, HULTING A, DELE-
MER B, BRUE T, HANA V, StALLA G, MINUTO F, JAFFRAIN-REA M, CARVALHO D,
FajArDO C, DALY A, and BECKERS A, 2012; Erythropoiesis in acromegaly : effect
of GH or IGF-1 ? data from the LAS (liege acromegaly survey). Journal fir
Klinische Endokrinologie und Stoffwechsel, volume 5(3):page 45.

PETROSSIANS P, ZACHARIEVA S, CHANSON P, NEGGERS S, CoLAO A, HULTING A, DELE-
MER B, BRUE T, HANA V, STALLA G, MINUTO F, JAFFRAIN-REA M, CARVALHO D,
Fajarpo C, DALY A, and BECKERS A, 2012; Aging of the newly diagnosed acrome-
galic patients : data frome the las (liege acromegaly survey). Journal fir Klinische

Endokrinologie und Stoffwechsel, volume 5(3):page 33.

VROONEN L, JAFFRAIN REA M, PETROSSIANS P, TAMAGNO G, CHANSON P, VILAR L,
BORSON-CHAZOT F, NAvEs L, BRUE T, TABARIN A, DELEMER B, BECK-PECCOZ P,
CARON P, DALY A, and BECKERS A, 2012; Clinical characterization of cabergoline
resistant prolactinomas : a multicenter experience on 92 patients. Annales

d’Endocrinologie, volume 73(2):page 153.



366 Articles

[24] PETROSSIANS P, TICHOMIROWA M, STEVENAERT A, MARTIN D, DALY A, and BECK-
ERS A, 2012; The liege acromegaly survey (LAS) : A new software tool for
the study of acromegaly. Annales d’Endocrinologie, volume 73:pages 190-201. doi:
10.1016/j.and0.2012.05.001.

[25] VROONEN L, JAFFRAIN-REA M, PETROSSIANS P, TAMAGNO G, CHANSON P, VILAR L,
BoRrRsON-CHAZOT F, NAVES L, BRUE T, GATTA B, DELEMER B, CICCARELLI E, BECK-
Peccoz P, CARON P, DALy A, and BECKERS A, 2012; Prolactinomas resistant to
standard doses of cabergoline : A multicenter study of 92 patients. Furopean

Journal of Endocrinology, volume 167:pages 651-662. doi:10.1530/EJE-12-0236.

[26] BECKERS A, PETROSSIANS P, AURIEMMA RS, and DALY A, 2011; Une nouvelle forme
d’adénomes hypophysaires familiaux : les FIPA-détection et prise en charge.

Correspondances en MHDN.

[27] JAFFRAIN-REA ML, DALY A, ANGELINI M, PETROSSIANS P, BOURS V, and BECKERS A,
2011; Genetic susceptibility in pituitary adenomas : from pathogenesis to clini-

cal implications. Ezxpert Review of Endocrinology € Metabolism. doi:10.1586 /eem.10.87.

[28] FIEFFE S, MORANGE I, PETROSSIANS P, CHANSON P, ROHMER V, CORTET C, BORSON-
CHAzOT F, BRUE T, DELEMER B, and FRENCH ACROMEGALY REGISTRY, 2011; Diabetes
in acromegaly, prevalence, risk factors, and evolution: data from the french
acromegaly registry. Fur J Endocrinol, volume 164(6):pages 877-84. doi:10.1530/EJE-
10-1050.

[29] TICHOMIROWA MA, BARLIER A, DALY A, JAFFRAIN-REA ML, RoNcHI C, YANEVA M,
URBAN JD, PETROSSIANS P, ELENKOVA A, TABARIN A, DESAILLOUD R, MAITER D,
SCHURMEYER T, Cozzl R, THEODOROPOULOU M, SIEVERS C, BERNABEU I, NAVES LA,
CHABRE O, MONTANANA CF, HANA V, HALABY G, DELEMER B, AizpuN JIL, SONNET
E, Longas AF, HAGELSTEIN MT, CAroON P, STALLA GK, BOURS V, ZACHARIEVA
S, SpapA A, BRUE T, and BECKERS A, 2011; High prevalence of AIP gene mu-
tations following focused screening in young patients with sporadic pituitary
macroadenomas. Furopean Journal of Endocrinology, volume 165(4):pages 509-15. doi:

10.1530/EJE-11-0304.

[30] VASILEV V, DALY A, PETROSSIANS P, ZACHARIEVA S, and BECKERS A, 2011; A familial
pituitary tumor syndromes. Endocrine Practice : Official Journal of the American

College of Endocrinology and the American Association of Clinical Endocrinologists, vol-

ume 17(3). doi:10.4158 /EP11064.RA.



Articles 367

[31]

[32]

[33]

[34]

[35]

[36]

BECKERS A, DALY A, PETROSSIANS P, TICHOMIROWA M, HELIOVAARA E, JAFFRAIN-REA
M, BARLIER A, NAVES L, EBELING T, KARHU A, CAZABAT L, DE MENIS E, MONTANANA
C, RaveroT G, WEIL R, SANE T, MAITER D, NEGGERS S, THONNARD AS, YANEVA M,
TABARIN A, and VERRUA E, 2010; Caractéristiques cliniques et réponses thérapeu-
tiques des patients avec adénome hypophysaire mutés pour aip : étude inter-

nationale sur 96 cas. Annales d’Endocrinologie, volume 71(5):page 346.

PETROSSIANS P, THONNARD AS, and BECKERS A, 2010; Medical treatment in cush-
ing’s syndrome : Dopamine agonists and cabergoline. Neuroendocrinology, vol-

ume 92((supp. 1)):pages 116-19. doi:10.1159/000317716.

VALDES SocIN HG, LUTTERI L, LATTA A, VROONEN L, BETEA D, PETROSSIANS P,
GEENEN V, and BECKERS A, 2010; Prévalence de gastrite auto-immune et études
histologiques dans une série prospective de 240 patients avec thyroidite de

hashimoto. Annales d’Endocrinologie, volume 71(5):pages 416-417.

VROONEN L, TAMAGNO G, NavES L, VIiLAR L, Bitu J, CHANSON P, PETROSSIANS
P, DaLy A, BrRUuE T, BARLIER A, DELEMER B, TABARIN A, JAFFRAIN-REA M,
CARON P, BEck-PECc0z P, BORSON-CHAZOT F, and BECKERS A, 2010; Caractéris-
tiques des prolactinomes résistants aux agonistes dopaminergiques. Annales

d’Endocrinologie, volume 71(5):page 347.

DALy A, TICHOMIROWA MA, PETROSSIANS P, HELIOVAARA E, JAFFRAIN-REA ML, BAR-
LIER A, NAVES LA, EBELING T, KARHU A, RAAPANA A, CazaBAT L, DE MENIS E,
MONTANANA CF, RAVEROT G, WEIL RJ, SANE T, MAITER D, NEGGERS S, YANEVA M,
TABARIN A, VERRUA E, ELORANTA E, MURAT A, VIERIMAA O, SALMELA P, EMY P,
ToLEDO R, SABATE MI, ViLLA C, POPELIER M, SALVATORI R, JENNINGS J, FERRANDEZ
LoNGAs A, LABARTA A1zPUN J, GEORGITSI M, PASHKE R, RoNCHI C, VALIMAKI M,
SALORANTA C, DE HERDER W, Cozzl R, GUITELMAN M, MAGRI F, LAGONIGRO MS,
HaLaBY G, CORMAN V, HAGELSTEIN MT, VANBELLINGHEN JF, BARRA GB, GIMENEZ-
RoQuEPLO AP, CAMERON F, BORSON-CHAZOT F, HOLDAWAY I, TOLEDO S, STALLA GK,
SPADA A, ZACHARIEVA S, BERTHERAT J, BRUE T, BOURS V, CHANSON P, AALTONEN LA,
and BECKERS A, 2010; Clinical characteristics and therapeutic responses in pa-
tients with germ-line AIP mutations and pituitary adenomas: an international
collaborative study. Journal of Clinical Endocrinology and Metabolism, volume 95(11).

do0i:10.1210/jc.2009-2556.

VALDES SOCIN HG, VROONEN L, Latta A, BETEA D, PETROSSIANS P, GEENEN V,
and BECKERS A, 2010; Le tabac et ses effets sur le systéme endocrinien. Revue

Meédicale de Liége, volume 65(9):pages 498-501.



368 Articles

[37] THEODOROPOULOU M, TICHOMIROWA MA, SIEVERS C, YASSOURIDIS A, ARZBERGER T,
HouGrAND O, DEPREZ M, DALYy A, PETROSSIANS P, PacoTrTO U, BECKERS A, and
StaLLA GK, 2009; Tumor ZAC1 expression is associated with the response to
somatostatin analog therapy in patients with acromegaly. International Jour-
nal of Cancer = Journal International du Cancer, volume 125(9):pages 2122-6. doi:

10.1002/ijc.24602.

[38] BRUE T, CASTINETTI F, LUNDGREN F, KorTOWSKA-HAGGSTROM M, PETROSSIANS P,
and ACROSTUDY INVESTIGATORS, 2009; Which patients with acromegaly are
treated with pegvisomant? an overview of methodology and baseline data in

acrostudy. Fur J Endocrinol, volume 161 Suppl 1:pages S11-7. d0i:10.1530/EJE-09-0333.

[39] Dupuy O, PETROssIaNS P, BRUE T, MORANGE I, BORDIER L, MavaupoN H,
BAUDUCEAU B, and LE GROUPE DES INVESTIGATEURS DU REGISTRE FRANGAIS DE
L' ACROMEGALIE, 2009; [acromegaly in the elderly]. Ann Endocrinol (Paris), vol-
ume 70(4):pages 225-9. doi:10.1016/j.ando.2009.05.002.

[40] SzZEPETIUK G, PIERARD G, BETEA D, PETROSSIANS P, XHAUFLAIRE E, BECKERS A,
and QUATRESOO0Z P, 2008; Biometrology of physical properties of skin in thy-
roid dysfunction. Journal of the FEuropean Academy of Dermatology & Venereology,
volume 22(10):pages 1173-1177. doi:10.1111/j.1468-3083.2008.02738.x.

[41] BECKERS A, DALY A, and PETROsSIaNS P, 2006; Commentary on : Does the
nadir growth-hormone level predict response to somatostatin-analogue ther-
apy? Nature Clinical Practice Endocrinology and Metabolism, volume 2(1):pages 12-13.
doi:10.1038 /ncpendmet0072.

[42] BORGES-MARTINS L, BETEA D, THIRY AM, PETROSSIANS P, and BECKERS A, 2006;
Nodules de la thyroide. Revue Médicale de Liége, volume 61(5-6, May-Jun):pages
309-16.

[43] PETROSSIANS P, BORGES-MARTINS L, EspiN0ozAa C, DALY A, BETEA D, VALDES SOCIN
HG, STEVENAERT A, CHANSON P, and BECKERS A, 2005; Gross total resection or
debulking of pituitary adenomas improves hormonal control of acromegaly by
somatostatin analogs. Furopean Journal of Endocrinology, volume 152(1):pages 61-66.

doi:10.1530/¢eje.1.01824.

[44] DALY A, PETROSSIANS P, and BECKERS A, 2005; An overview of the epidemiology
and genetics of acromegaly. Journal of Endocrinological Investigation, volume 28(11

Suppl International):pages 67—69.



Articles 369

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

HANSEN I, PETROSSIANS P, THIRY A, FLANDROY P, GAILLARD RC, Kovacs K, CLAES
F, STEVENAERT A, PIGUET P, and BECKERS A, 2001; Extensive inflammatory pseu-
dotumor of the pituitary. Journal of Clinical Endocrinology and Metabolism, vol-

ume 86(10):pages 4603-4610. doi:10.1210/jc.86.10.4603.

PETROSSIANS P, RoNnci N, VALDES SociN HG, KALIFE A, STEVENAERT A, BLOCH
B, TABARIN A, and BECKERS A, 2001; ACTH silent adenoma shrinking under
cabergoline. FEuropean Journal of Endocrinology, volume 144(1):pages 51-57. doi:
10.1530/eje.0.1440051.

JANSSENS L, VERBEKE V, PETROSSIANS P, DuBois B, GopoN E, GoboN JP, and BECK-
ERS A, 2000; Les hyperparathyroidies primaires: étiologies, diagnostic et traite-

ment. Revue Médicale de Liége, volume 55(11):pages 977-985.

PETROSSIANS P, DE HERDER W, KWEKKEBOOM D, LAMBERIGTS G, STEVENAERT A,
and BECKERS A, 2000; Malignant prolactinoma discovered by d2 receptor imag-
ing. Journal of Clinical Endocrinology and Metabolism, volume 85(1):pages 398—401. doi:
10.1210/jc.85.1.398.

VERHELST J, ABS R, MAITER D, VAN DEN BRUEL A, VANDEWEGHE M, VELKENIERS B,
MOCKEL J, LAMBERIGTS G, PETROSSIANS P, COREMANS P, MAHLER C, STEVENAERT A,
VERLOOY J, RAFTOPOULOS C, and BECKERS A, 1999; Cabergoline in the treatment
of hyperprolactinemia: a study in 455 patients. Journal of Clinical Endocrinology

and Metabolism, volume 84(7):pages 2518-22. doi:10.1210/jc.84.7.2518.

VERLOES A, STEVENAERT A, TEH BT, PETROSSIANS P, and BECKERS A, 1999; Familial
acromegaly: Case report and review of the literature. Pituitary, volume 1(3-

4):pages 273-277. d0i:10.1023/A:1009958510378.

PETROSSIANS P, DELVENNE P, FLANDROY P, JOPART P, STEVENAERT A, and BECKERS
A, 1998; An unusual pituitary pathology. Journal of Clinical Endocrinology and
Metabolism, volume 83(10):pages 3454-3458. doi:10.1210/jc.83.10.3454.

PETROSSIANS P, ABs R, and BECKERS A, 1993; Serum gh response to the adminis-

tration of TRH. Acta Clinica Belgica, volume 48:page 350.

BECKERS A, PETROSSIANS P, ABs R, FLANDROY P, STADNIK T, DE LONGUEVILLE
M, LANCRANJAN I, and STEVENAERT A, 1992; Treatment of macroprolactinomas
with the long-acting and repeatable form of bromocriptine: a report on 29
cases. Journal of Clinical Endocrinology and Metabolism, volume 75(1):pages 275-80.
do0i:10.1210/jc.75.1.275.



370 Articles

[54] BECKERS A, ABS R, PETROSSIANS P, and STEVENAERT A, 1990; The treatment of
macroprolactinomas with long acting repeatable bromocriptine. Journal of En-

docrinological Investigation.



