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Introduction

Acromegaly is a rare disease caused by chronically raised growth hormone (GH) and insulin-like
growth factor 1 (IGF-1) secretion; typically, this is due to a GH-secreting pituitary adenoma [1].
Acromegaly affects slightly more females than males and has a range of clinical signs/symptoms,
the most classically recognized being enlargement of the extremities, soft tissue swelling, and man-
dibular enlargement affecting the face and skin and voice changes [2]. At a systemic level, acro-
megaly has pathological effects on the cardiovascular, metabolic and musculoskeletal systems that
lead to a high burden of disease and increased mortality if GH and IGF-1 are not controlled [3].
While acromegaly usually presents in early middle age, there is significant phenotypic variation,
and it can occur in children/adolescents and in the elderly. Pituitary gigantism represents one of the
most severe clinical presentations of acromegaly, affecting as it does children and adolescents [4].
The young age at presentation reflects aggressive underlying molecular genetic processes leading to
somatotrope tumor formation. Unlike in sporadic acromegaly where inheritable genetic causes are
rare, nearly half of all cases of pediatric gigantism are caused by a pathological genetic or genomic
change in a known gene [5]. These genetic abnormalities lead to dysregulation of somatotrope pro-
liferation and secretion that result in tumorigenesis, by affecting molecular signals such as the aryl
hydrocarbon receptor interacting protein (AIP), GPR101, Ggalpha, Protein kinase A, among others
[6]. Individually, these dysregulated cellular processes can lead to the growth of large pituitary ade-
nomas, hyperplasia, and high secreted levels of GH. The young age of patients with pituitary gigantism
raises significant obstacles to optimal management as compared with sporadic acromegaly in adults. The
presence of a macroadenoma in children of a very young age, such as those with X-linked acrogigantism
(X-LAG), makes surgery more challenging. Similarly, the craniofacial fibrous dysplasia that can accom-
pany McCune— Albright syndrome (MAS) can complicate the surgical approach.

An extensive series of consensus guidelines exist for the diagnosis and management of acro-
megaly, including the use of medical therapies [7—9]. Medical therapy in acromegaly consists of
somatostatin analogs, the GH receptor antagonist pegvisomant, and dopamine agonists such as
cabergoline. Among the somatostatin analogs, two general classes exist: long-acting depot versions
of octreotide and lanreotide, which target somatostatin receptor subtype 2 and the more recently
introduced multi-somatostatin receptor ligand, pasireotide, that preferentially binds receptor
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subtypes 5, 2, and 3. Pegvisomant acts by blocking the GH receptor and preventing the stimulation
of IGF-1 release, while dopamine agonists have an adjunctive role in suppressing GH secretion
from the pituitary. These medical therapies have been subject to large clinical trials, mainly
placebo-controlled, and are integrated into consensus guidelines that recommend the order in which
they should be used [7,8]. According to the 2014 Guidelines from the Endocrine Society, the main
biochemical goals for treatment of acromegaly are an age-normalized serum IGF-1 value (disease
control), a random GH < 1.0 pg/L (correlates with disease control), and to use the same hormonal
assays throughout management [7]. For medical therapy, the guidelines note the following options:

* Medical therapy recommended in patients with persistent disease following surgery.
Somatostatin analogs or pegvisomant recommended as initial adjuvant medical therapy in
patients with significant disease, namely moderate to severe signs and symptoms of
acromegaly but without tumor mass effects.

Those with modestly elevated serum IGF-1 and mild clinical signs/symptoms of acromegaly,
could receive a dopamine agonist, usually cabergoline, as initial adjuvant medical therapy.
Addition of pegvisomant or cabergoline is recommended in patients who respond
inadequately to a somatostatin analog.

* Primary medical therapy with a somatostatin analog is recommended in those who cannot be

cured by surgery, or have extensive cavernous sinus invasion, and do not have chiasmal
compression, or are poor surgical candidates.

Medical therapy also requires vigilant follow-up for safety including, but not limited to assess-
ments for cholelithiasis in symptomatic patients treated with somatostatin analogs, while hepatic
function tests should be measured on a 6-monthly basis for patients receiving pegvisomant. Due to
rare cases of tumor expansion during pegvisomant therapy, a plan should be in place for serial
monitoring of tumor status using MRI [7]. While pasireotide has been licensed for use in acromeg-
aly in many jurisdictions, it has not yet been integrated into all consensus guidelines. However,
based on its specific labeling, pasireotide is generally used as second- or third-line therapy in acro-
megaly when surgery has failed or is not possible or where octreotide/lanreotide treatment has not
led to control of acromegaly. In a recent update on treatment outcomes, an Expert Group provided
some indications as to how pasireotide could be integrated into the treatment algorithm as shown in
Fig. 12.1. Management of patients receiving pasireotide for the treatment of acromegaly requires
specific assessment of glucose control as pasireotide is associated with impairment of glucose toler-
ance and diabetes mellitus [10].

While the goals for the treatment of acromegaly and pituitary gigantism are generally similar,
some clinically relevant differences exist between pediatric and adult patients that can impact upon
the expected efficacy of medical treatment and the timing of changes in treatment modalities.
These factors include the importance of effective treatment to limit final adult height, the chal-
lenges of dose selection for medical treatment in the pediatric/adolescent population, the anatomical
differences between the adult and pediatric patients, and the high incidence of molecular genetic
diseases among the pituitary gigantism population.

Pituitary gigantism is a very rare condition and most data have come from case reports and small
series. To address this relative lack of information, we implemented a large international collaborative
study from 2011—15 that recruited 208 pituitary gigantism patients [5]. Focusing on the management
of these patients, we noted that the therapeutic journey was often complex. Multimodal therapy is usual
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FIGURE 12.1

Suggested Expert Group algorithm for the medical management of acromegaly in patients with inadequate
responses to octreotide and lanreotide. /GF-/, Insulin-like growth factor |; SRL, somatostatin receptor ligand/
somatostatin analog; SRS, stereotactic radiosurgery.
Reproduced from Melmed S, Bronstein MD, Chanson F, et al. A Consensus Statement on acromegaly therapeutic outcomes. Nat Rev
Endocrinol 2018; 14(9):552—61. doi: 10.1038/541574-018-0058-5 [9] under Creative Commons 4.0 Attribution International License.

in pituitary gigantism, and following primary medical or surgical therapy, patients often have recourse
to reoperation or a wide variety of different combinations of medical therapy. As shown in Fig. 12.2, of
208 patients, only 7% and 15% of cases were controlled by primary medical therapy or surgery, respec-
tively. Irrespective of whether surgery or medical therapy was the primary treatment option, pituitary
gigantism patients frequently end up going through surgery on multiple occasions with adjuvant use of
medical therapy. Multimodal therapy (=3 separate surgeries or medical modalities) occurred in nearly
a third of pituitary gigantism cases, and despite the high treatment burden only 39% of patients had
long-term hormonal control [5].

12.1.1 AIP mutations

Germline mutations in the A/P gene are the main known cause of pituitary gigantism. In the first
statistically controlled series of somatotropinomas, gigantism occurred in 32% of the AIP-mutated
group as compared with 6.5% wild-type controls (P <.000001) [11]. Among pituitary gigantism
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FIGURE 12.2

Schematic representation of treatments used in the management of patients with pituitary gigantism.
Numbers in parentheses indicate the number of patients. DA, Dopamine agonists; PegV, pegvisomant;
RadioThx, radiotherapy; SSA, somatostatin analog.
Reproduced by the authors from their work in Rostomyan L, Daly AF, Petrossians F, et al. Clinical and genetic characterization of
pituitary gigantism: an international collaborative study in 208 patients. Endocr Relat Cancer 2015;22(5):745—57. doi: 10.1530/
ERC-15-0320 [5] with permission.

patients themselves, 29% have an A/P mutation. The phenotype of AIP-mutated somatotropinomas
is one that leads to large, extensive, and invasive tumors that predominantly secrete GH or cose-
crete GH and prolactin. Patients with AIP mutations frequently present with familial isolated pitui-
tary adenomas (FIPA), and family members with acromegaly or gigantism can be identified
[11,12]. The median onset of disease is significantly younger among A/P-mutated somatotropino-
mas patients versus nonmutated acromegaly controls (17.5 vs 38.0 years; P <.000001). This
20-year difference is disease onset means that somatotropinomas due to AI/P mutations typically
overlap the years of maximum vertical growth, leading to a high risk of pituitary gigantism if
hormonal control is not achieved.

The aggressive disease features of AIP mutation—related somatotropinomas also extend to sig-
nificantly higher GH secretion at baseline than control acromegaly cases (P = .00068), while pro-
lactin cosecretion is 1.9 times more frequent with AP mutations than controls (P =.00023).

The young age at disease onset and the large, extensive tumor phenotype in AIP-related somato-
tropinomas imply that the tumor has either undergone years of occult growth or alternatively that
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tumor grows and invades rapidly. Evidence to date suggests the latter possibility is the more likely.
During the identical median latency period from first symptoms to diagnosis (5 years) in AIP muta-
tion—related and acromegaly controls, tumors grow to a significantly larger size in the A/P-mutated
group. This was illustrated recently in one A/P mutation—related somatotropinomas in a young
female patient with pituitary gigantism, where dramatic progression of the tumor occurred over the
15 months preceding her diagnosis [13].

In AIP-mutated cases of pituitary gigantism, the large tumor size and the presence of invasion
may reduce greatly the possibility of primary surgical control and reoperation in these patients is
frequent [11]. As AIP-mutated tumors have high GH secretory potential, reoperation to debulk the
tumor could be clinically helpful in an effort to facilitate hormonal decreases with subsequent
somatostatin analog use, as has been shown in adult acromegaly [14]. A further problem associated
with medical treatment of A/P-mutated cases of pituitary gigantism relates to their relative resis-
tance to first-generation somatostatin analogs. As compared with nonmutated cases, significant
impairment of GH (P =.0004) and IGF-1 inhibition (P =.028) is seen in A/P mutation—related
somatotropinomas [11].

Resistance to first-generation somatostatin analogs like octreotide and lanreotide can be coun-
tered by use of the GH receptor antagonist, pegvisomant, in the setting of acromegaly and gigan-
tism with or without AIP mutations [15—18]. Treatment with pegvisomant can take the form of
monotherapy or it can be used in combination with somatostatin analogs. Either alone or in combi-
nation with somatostatin analogs, pegvisomant is an important and useful option for controlling
IGF-1 excess and decreasing height gain in A/P-mutated pituitary gigantism cases that are resistant
to somatostatin analogs alone [5,19]. The combination including a somatostatin analog could be
useful to help control tumor growth, which can complicate pegvisomant therapy in a minority of
cases [20]. As noted above, patients with AIP mutations frequently have tumoural cosecretion of
prolactin and GH. Combination treatment with pegvisomant and the dopamine agonist cabergoline
has also been shown to be successful in somatostatin analog resistant/intolerant pediatric cases of
AIP-mutated pituitary gigantism [15].

Recently we reported two cases of AIP mutation—related somatotropinomas that were resistant
to octreotide/lanreotide during extensive multiyear follow-up [13]. In one of the cases who had
incipient pituitary gigantism, somatostatin receptor subtype 2 staining was very low/absent, but sub-
type 5 receptors were present. On switching to treatment with pasireotide, a multi-somatostatin
receptor ligand, both patients experienced control of their GH and IGF-1 hypersecretion. With con-
tinued therapy over some years, significant tumor regression occurred (Fig. 12.3), and one patient
stopped pasireotide without a return of elevated GH and IGF-1 and still remains controlled off
treatment at this time. These data suggest that in some A/P-mutated patients with large and resistant
tumors, pasireotide therapy might be a useful option, although the diabetes mellitus that can accom-
pany pasireotide therapy adds to the therapeutic burden.

X-linked acrogigantism

Duplications on chromosome Xq26.3 involving the gene GPRIO! are responsible for X-LAG, the
earliest onset form of pituitary gigantism described [21—23]. Transgenic pituitary over-expression
of Gprl0l in mice leads to chronic GH hypersecretion and overgrowth [24]. Patients with X-LAG
typically develop signs of overgrowth in the first 12—36 months of life, with increased height and
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FIGURE 12.3

Evolution of pituitary adenoma size on MRI in a patient with incipient gigantism and a germline A/P mutation
from diagnosis as a microadenoma to a large invasive pituitary macroadenoma. A sizable postoperative
residue in 2012 shrank progressively on pasireotide LAR therapy and the follow-up image from 2018 shows
only a small residue remained. T1Gd, T1-weighted gadolinium-enhanced image; T2, T2-weighted MRI image.
Reproduced by the authors from their work in Daly A, Rostomyan L, Betea D, et al. AIP-mutated acromegaly resistant to first-generation
somatostatin analogs: long-term control with pasireotide LAR in two patients. Endocr Connect 2019; 8(4):367—77. doi: 10.1530/EC-19-
0004 [13] under Creative Commons 4.0 Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0).

weight becoming increasingly prominent over time [21]. Along with increased stature, these young
children also frequently have signs that are more typical of adult acromegaly, including enlarged
hands and feet, increased interdental spacing, and coarsening of the facial features [21,22].
Children with X-LAG also may have increased appetite and signs of insulin resistance [22]. GH
and IGF-1 levels (and almost always prolactin) are markedly elevated at diagnosis. In X-LAG pitui-
tary macroadenoma occur either alone or in combination with hyperplasia; rare cases of hyperplasia
alone can occur. In some patients in whom it was measured preoperatively, GH releasing hormone
was increased in conjunction with GH, IGF-1, and prolactin, suggesting a hypothalamic element in
the pathophysiology of X-LAG [25]. Without treatment ,patients with X-LAG suffer increasing
tumor size and hormonal excess that can lead to severe gigantism [26,27].

Initial management of X-LAG usually involves the use of surgery or first-generation somato-
statin analogs [5,21—23,28,29]. To control X-LAG surgically, a complete resection of the tumor
and/or hyperplasia is required, as very small tumor remnants can maintain excess GH and IGF-1
secretion, in some cases for decades [21—23,30,31]. The benefits of extensive resection on GH
secretion come at the cost of high rates of hypopituitarism, which is a problem in pituitary gigan-
tism generally [5]. With extensive hyperplasia, discrete boundaries between pathological and
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normal tissue are not evident, which further complicates primary surgical cure and can necessitate
anterior hypophysectomy in some cases [21]. Despite expressing somatostatin subtype 2 receptors,
X-LAG patients have a poor response to first-generation somatostatin analogs, even at the full adult
dose [22]. Data on the efficacy of the multi-somatostatin receptor ligand pasireotide in X-LAG are
not available. In cases where extensive surgical resection (debulking) has taken place, second line
therapy with somatostatin analogs can reduce or control GH and IGF-1 in some cases [21,22]. In
the growing patient, suboptimal control of excess GH/IGF-1 control should be avoided so as to pre-
vent excessive final adult stature. Given the extended duration of disease in X-LAG due to its early
onset and resistant phenotype, the risk of excessive height is very prominent. In those X-LAG
patients, the addition of pegvisomant can provide rapid and prolonged IGF-1 control and blunting
of height gain [21—-23,25]. To optimize hormonal and growth parameters, when surgery and
somatostatin analogs have proven inadequate, early introduction of pegvisomant can be considered.
Pegvisomant is generally not indicated for treatment of pediatric patients, although case series and
anecdotal reports have been widely published [15,17,18,32,33]. In X-LAG cases, addition of pegvi-
somant at a low dose has proven safe and effective in some individuals [21,22,25].

McCune—Albright syndrome

In MAS, mosaicism for a postzygotic activating mutation of GNAS leads to variable and diverse
pathology affecting multiple tissues, classically, fibrous dysplasia of the bone, hormonal over-
activity, and distinctive café au lait macules [34]. Acromegaly forms a part of the MAS spec-
trum and rarely can have an early onset in children/adolescents, leading to pituitary gigantism
[35]. In the largest series of acromegaly characteristics in MAS, Salenave et al. reported on
112 cases published in the literature [36]. Among these, 40 were diagnosed between the ages of
3 and 16 years and in most cases, hormonal measures were confirmatory of somatotrope over-
activity. Whereas excess GH/IGF-1 occurs in 20%—30% of patients with MAS, pituitary gigan-
tism was less frequent than might be expected, possibly because of the counteracting influence
of precocious puberty to reduce final height. The interpretation of height and hormonal abnor-
malities in young children with MAS is, therefore, complex [37]. In our series of 208 pituitary
gigantism patients, 5% had MAS [5].

When somatotropinomas occur in the setting of MAS, craniofacial fibrous dysplasia is a signifi-
cant factor to be considered, as it can complicate surgical access, and progression of cranial bone
pathology in parallel with GH excess can worsen outcomes [36,38,39]. In MAS, the GNAS-activat-
ing mutation leads to diffuse disease affecting much of the anterior pituitary and can involve a mix-
ture of hyperplasia and single or multiple adenomas [40]. The tumor/hyperplasia tissue type is
usually mammosomatotrope or somatotrope in nature. Due to the difficult approach through skull
base fibrous dysplasia (which can be highly vascular as well as thick) and the diffuse pituitary dis-
ease, surgical cures only occur exceptionally and medical therapy is necessary. The response to
first-generation somatostatin analogs in terms of hormonal control in the Salenave et al. series was
similar to that of unselected acromegaly patients (14%—46%) [36]. While hyperprolactinemia is
usually present in MAS patient with pituitary disease, the use of dopamine agonists has relatively
low efficacy in terms of hormonal control. Pegvisomant is, is contrast, an important treatment
option for MAS patients with acromegaly or pituitary gigantism, as control of IGF-1 is usually
achieved in compliant patients [36,41]. As with pituitary gigantism in general, early diagnosis and
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hormonal control in MAS-related acromegaly leads to improved clinical outcomes, particularly in
terms of optic nerve impingement in patients with craniofacial fibrous dysplasia [38].

Other genetic forms of pituitary gigantism

Rare conditions like Carney complex and multiple endocrine neoplasia type 1 (MEN1) account for
a small minority of all pituitary gigantism cases (1% each) [5]. In Carney complex, PRKARIA
germline mutations lead to a syndrome of endocrine and nonendocrine pathologies that include
pituitary adenomas/hyperplasia in about 10% of cases [42]. As with other genetic causes of pitui-
tary adenomas, Carney complex is associated with an early onset phenotype that leads to somato-
trope or somatomammotrope tumors/hyperplasia, resulting in pituitary gigantism in rare individuals
[42—45]. In MENI1, pituitary adenomas form an integral part of the pathological entity, and have a
tendency to occur at an earlier age than non-MENI cases [46]. Only exceptional cases of pituitary
gigantism have been reported in MENT1 [47]. Management of pituitary gigantism in Carney com-
plex and/or MENT1 is multimodal. Cases of overgrowth or gigantism linked to neurofibromatosis
type 1 have been linked to optic tract gliomas, but the actual causative mechanism for overgrowth
remains speculative [4].

Summary

Recent advances in pituitary adenoma research mean that nearly 50% of cases of pituitary gigan-
tism now have an identified genetic cause. In general, pituitary gigantism represents the most
severe form of acromegaly disease spectrum, as it occurs in the youngest patients and many of the
genetic forms have an aggressive phenotype. In addition, certain genetic forms like A/P mutations
and X-LAG syndrome lead to pharmacological resistance to the main medical form of therapy,
somatostatin analogs. Indeed, the young age of patients at diagnosis and the aggressiveness of the
pituitary disease mean that treatment is often multimodal in nature and that control of GH/IGF-1
and tumor require approaches that combine surgery with medical therapy. These factors provide a
series of unique challenges and specific aims when managing the medical treatment of pituitary
gigantism (Box 12.1). Unlike adult acromegaly, pituitary gigantism has a particularly important
window of opportunity to modify final adult height. In addition to the consensus approaches to

Box 12.1 Aims and challenges in the management of pituitary gigantism.
Aims

¢ Control hormonal hypersecretion (GH, IGF-1, prolactin)
¢ Control tumor growth/expansion
e Decrease signs and symptoms of hormonal excess
¢ Avoid or minimize side effects of treatment (hypopituitarism)
* Minimize or prevent an abnormal final adult height
Early control of GH-IGF-1 decreases final height

(Continued)
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Box 12.1 (Continued)
Challenges

* Early pediatric age at onset can complicate surgery

¢ Macroadenomas are frequent even in children/adolescents

¢ Genetic forms of pituitary gigantism often lead to extensive involvement of the anterior pituitary (hyperplasia plus adenoma)

¢ Need for extensive surgical resection can elevate the risk for hypopituitarism

¢ Onset in adolescence overlaps with pubertal growth spurt which can delay diagnosis

¢ Lack of dosing information or clinical trials of medical therapies in pediatric patients

¢ In McCune—Albright syndrome craniofacial fibrous dysplasia can complicate surgical access

¢ AJP mutation—related somatotropinomas are associated with decreased hormonal and tumor size control rates with

first-generation somatostatin analogs

There may be a role for pasireotide in AIP mutation related acromegaly/acrogigantism

¢ In X-LAG, minimal tumor residue can lead to active disease and continued GH-IGF-1 driven overgrowth
Pegvisomant therapy is potentially useful to control IGF-1
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Treatment of two patients with X-LAG showing GH, IGF-1, and prolactin (PRL) levels over time. Figure A
shows a male patient (56 months at diagnosis) who had elevated IGF-1 levels post operatively (IGF-1 normal
range shown in gray) that did not normalize on a somatostatin analog and cabergoline. His growth was
arrested by the addition of pegvisomant and octreotide was withdrawn. Figure B shows a similar profile in a
female patient, who had a gross total resection but remained clinically and hormonally uncontrolled. Addition
of octreotide LAR 30 mg/month and cabergoline did not control IGF-1. Pegvisomant rapidly brought IGF-1
levels and growth under control and octreotide was withdrawn.
Reproduced by the authors from their work in Beckers A, Lodish MB, Trivellin G, et al. X-linked acrogigantism syndrome: clinical
profile and therapeutic responses. Endocr Relat Cancer 2015; 22(3):353—67. doi: 10.1530/ERC-15-0038 [22] with permission.

acromegaly in adults, management of pituitary gigantism requires early diagnosis and effective con-
trol to reduce final height. In pituitary gigantism cases where treatment with surgery and somato-
statin analogs is not effective in the short to medium term (3—6 months), IGF-1 control with
pegvisomant can often be achieved Fig. 12.4 and Table 12.1.
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Table 12.1 Key differences in the characteristics of acromegaly and pituitary gigantism.
Features Pituitary gigantism (n = 208) Acromegaly (n = 3173)
Sex 78% male 54.5% temale

Age at diagnosis (median; years) 21.0 45.2

Age at first symptoms (median; years) 14.0 335

Delay in diagnosis (median; years) 53 9.0

Maximum tumor diameter (median; mm) 22.0 15.0
Macroadenoma (%) 84.3 71.8

Invasion at diagnosis (%) 54.5 47.6

Prolactin cosecretion (%) 34 10

Adapted from Beckers A, Petrossians P, Hanson J, Daly AF. The causes and consequences of pituitary gigantism. Nat Rev
Endocrinol 2018. doi: 10.1038/s41574-018-0114-1 [4] with permission.

References

(1]
(2]

(3]
(4]

(5]

(6]

(7]

8]

(9]

(10]

(11]

Melmed S. Chapter 15 — acromegaly. The Pituitary 2017;423—66. Available from: https://doi.org/
10.1016/B978-0-12-804169-7.00015-5.

Petrossians P, Daly AF, Natchev E, et al. Acromegaly at diagnosis in 3173 patients from the Liege
Acromegaly Survey (LAS) Database. Endocr Relat Cancer 2017;24(10):505—18. Available from: https://
doi.org/10.1530/ERC-17-0253.

Melmed S, Casanueva FF, Klibanski A, et al. A consensus on the diagnosis and treatment of acromegaly
complications. Pituitary 2013;16(3):294—302. Available from: https://doi.org/10.1007/s11102-012-0420-x.
Beckers A, Petrossians P, Hanson J, Daly AF. The causes and consequences of pituitary gigantism. Nat
Rev Endocrinol 2018. Available from: https://doi.org/10.1038/s41574-018-0114-1.

Rostomyan L, Daly AF, Petrossians P, et al. Clinical and genetic characterization of pituitary gigantism:
an international collaborative study in 208 patients. Endocr Relat Cancer 2015;22(5):745—57. Available
from: https://doi.org/10.1530/ERC-15-0320.

Vandeva S, Daly AF, Petrossians P, Zacharieva S, Beckers A. Genetics in endocrinology: somatic and
germline mutations in the pathogenesis of pituitary adenomas. Eur J Endocrinol 2019. Available from:
https://doi.org/10.1530/EJE-19-0602.

Katznelson L, Laws ER, Melmed S, et al. Acromegaly: an Endocrine Society Clinical Practice
Guideline. J Clin Endocrinol Metab 2014;99(11):3933—51. Available from: https://doi.org/10.1210/
j.2014-2700.

Giustina A, Chanson P, Kleinberg D, et al. Expert consensus document: a consensus on the medical
treatment of acromegaly. Nat Rev Endocrinol 2014;10(4):243—8. Available from: https://doi.org/
10.1038/nrendo.2014.21.

Melmed S, Bronstein MD, Chanson P, et al. A Consensus Statement on acromegaly therapeutic outcomes.
Nat Rev Endocrinol 2018;14(9):552—61. Available from: https://doi.org/10.1038/s41574-018-0058-5.
Breitschaft A, Hu K, Hermosillo Reséndiz K, Darstein C, Golor G. Management of hyperglycemia asso-
ciated with pasireotide (SOM230): healthy volunteer study. Diabet Res Clin Pract 2014;103(3):458—65.
Available from: https://doi.org/10.1016/j.diabres.2013.12.011.

Daly AF, Tichomirowa MA, Petrossians P, et al. Clinical characteristics and therapeutic responses in
patients with germ-line AIP mutations and pituitary adenomas: an international collaborative study.
J Clin Endocrinol Metab 2010;95(11):E373—83. Available from: https://doi.org/10.1210/jc.2009-2556.


https://doi.org/10.1016/B978-0-12-804169-7.00015-5
https://doi.org/10.1016/B978-0-12-804169-7.00015-5
https://doi.org/10.1530/ERC-17-0253
https://doi.org/10.1530/ERC-17-0253
https://doi.org/10.1007/s11102-012-0420-x
https://doi.org/10.1038/s41574-018-0114-1
https://doi.org/10.1530/ERC-15-0320
https://doi.org/10.1530/EJE-19-0602
https://doi.org/10.1210/jc.2014-2700
https://doi.org/10.1210/jc.2014-2700
https://doi.org/10.1038/nrendo.2014.21
https://doi.org/10.1038/nrendo.2014.21
https://doi.org/10.1038/s41574-018-0058-5
https://doi.org/10.1016/j.diabres.2013.12.011
https://doi.org/10.1210/jc.2009-2556

References 255

[12] Daly AF, Vanbellinghen J-F, Sok KK, et al. Aryl hydrocarbon receptor-interacting protein gene muta-
tions in familial isolated pituitary adenomas: analysis in 73 families. J Clin Endocrinol Metab 2007;92
(5):1891—6. Available from: https://doi.org/10.1210/jc.2006-2513.

[13] Daly A, Rostomyan L, Betea D, et al. AIP-mutated acromegaly resistant to first-generation somatostatin
analogs: long-term control with pasireotide LAR in two patients. Endocr Connect 2019;8(4):367—77.
Available from: https://doi.org/10.1530/EC-19-0004.

[14] Petrossians P, Borges-Martins L, Espinoza C, et al. Gross total resection or debulking of pituitary adeno-
mas improves hormonal control of acromegaly by somatostatin analogs. Eur J Endocrinol 2005;152
(1):61—6. Available from: https://doi.org/10.1530/eje.1.01824.

[15] Joshi K, Daly AF, Beckers A, Zacharin M. Resistant paediatric somatotropinomas due to AIP mutations:
role of pegvisomant. Horm Res Paediatr 2018. Available from: https://doi.org/10.1159/000488856.

[16] Herman-Bonert VS, Zib K, Scarlett JA, Melmed S. Growth hormone receptor antagonist therapy in acro-
megalic patients resistant to somatostatin analogs. J Clin Endocrinol Metab 2000;85(8):2958—61.

< http://www.ncbi.nlm.nih.gov/pubmed/10946911 > .

[17] Goldenberg N, Racine MS, Thomas P, Degnan B, Chandler W, Barkan A. Treatment of pituitary gigan-
tism with the growth hormone receptor antagonist pegvisomant. J Clin Endocrinol Metab 2008;93
(8):2953—6. Available from: https://doi.org/10.1210/jc.2007-2283.

[18] Rix M, Laurberg P, Hoejberg AS, Brock-Jacobsen B. Pegvisomant therapy in pituitary gigantism: suc-
cessful treatment in a 12-year-old girl. Eur J Endocrinol 2005;153(2):195—201. Available from: https://
doi.org/10.1530/eje.1.01956.

[19] Mangupli R, Rostomyan L, Castermans E, et al. Combined treatment with octreotide LAR and pegviso-
mant in patients with pituitary gigantism: clinical evaluation and genetic screening. Pituitary 2016;19
(5):507—14. Available from: https://doi.org/10.1007/s11102-016-0732-3.

[20] Besser GM, Burman P, Daly AF. Predictors and rates of treatment-resistant tumor growth in acromegaly.
Eur J Endocrinol 2005;153(2):187—93. Available from: https://doi.org/10.1530/eje.1.01968.

[21] Trivellin G, Daly AF, Faucz FR, et al. Gigantism and acromegaly due to Xq26 microduplications and
GPR101 mutation. N Engl J Med 2014;371(25):2363—74. Available from: https://doi.org/10.1056/
NEJMoa1408028.

[22] Beckers A, Lodish MB, Trivellin G, et al. X-linked acrogigantism syndrome: clinical profile and thera-
peutic responses. Endocr Relat Cancer 2015;22(3):353—67. Available from: https://doi.org/10.1530/
ERC-15-0038.

[23] Daly AF, Yuan B, Fina F, et al. Somatic mosaicism underlies X-linked acrogigantism syndrome in spo-
radic male subjects. Endocr Relat Cancer 2016;23(4):221—33. Available from: https://doi.org/10.1530/
ERC-16-0082.

[24] Abboud D, Daly AF, Dupuis N, Bahri MA, Inoue A, Chevigné A, et al. GPR101 drives growth hormone
hypersecretion and gigantism in mice via constitutive activation of Gy and Gg/q;. Nat Commun 2020;
11(1):4752. Available from: https://doi.org/10.1038/s41467-020-18500-x.

[25] Daly AF, Lysy PA, Desfilles C, et al. GHRH excess and blockade in X-LAG syndrome. Endocr Relat
Cancer 2016;23(3):161—70. Available from: https://doi.org/10.1530/ERC-15-0478.

[26] Naves LA, Daly AF, Dias LA, et al. Aggressive tumor growth and clinical evolution in a patient with
X-linked acro-gigantism syndrome. Endocrine 2016;51(2):236—44. Available from: https://doi.org/
10.1007/s12020-015-0804-6.

[27] Beckers A, Fernandes D, Fina F, et al. Paleogenetic study of ancient DNA suggestive of X-linked acro-
gigantism. Endocr Relat Cancer 2017;24(2). Available from: https://doi.org/10.1530/ERC-16-0558.

[28] lacovazzo D, Caswell R, Bunce B, et al. Germline or somatic GPR101 duplication leads to X-linked
acrogigantism: a clinico-pathological and genetic study. Acta Neuropathol Commun 2016;4(1):56.
Available from: https://doi.org/10.1186/s40478-016-0328-1.


https://doi.org/10.1210/jc.2006-2513
https://doi.org/10.1530/EC-19-0004
https://doi.org/10.1530/eje.1.01824
https://doi.org/10.1159/000488856
http://www.ncbi.nlm.nih.gov/pubmed/10946911
https://doi.org/10.1210/jc.2007-2283
https://doi.org/10.1530/eje.1.01956
https://doi.org/10.1530/eje.1.01956
https://doi.org/10.1007/s11102-016-0732-3
https://doi.org/10.1530/eje.1.01968
https://doi.org/10.1056/NEJMoa1408028
https://doi.org/10.1056/NEJMoa1408028
https://doi.org/10.1530/ERC-15-0038
https://doi.org/10.1530/ERC-15-0038
https://doi.org/10.1530/ERC-16-0082
https://doi.org/10.1530/ERC-16-0082
https://doi.org/10.1038/s41467-020-18500-x
https://doi.org/10.1530/ERC-15-0478
https://doi.org/10.1007/s12020-015-0804-6
https://doi.org/10.1007/s12020-015-0804-6
https://doi.org/10.1530/ERC-16-0558
https://doi.org/10.1186/s40478-016-0328-1

256

(29]

(30]

(31]

(32]

(33]
(34]

(35]

(36]

[37]

(38]

(39]

(40]

(41]

(42]
(43]

[44]

[45]

Chapter 12 Medical management of pituitary gigantism and acromegaly

Wise-Oringer BK, Zanazzi GJ, Gordon RJ, et al. Familial X-linked acrogigantism: postnatal outcomes
and tumor pathology in a prenatally diagnosed infant and his mother. J Clin Endocrinol Metab 2019;104
(10):4667—75. Available from: https://doi.org/10.1210/jc.2019-00817.

Daly A, Cuny T, Rabl W, et al. X-Linked acro-gigantism (X-LAG) syndrome : two new cases with
long-term follow-up. In: ENEA 2015 Workshop. Vol Poster 09; 2015. <https://orbi.uliege.be/handle/
2268/189337>. [accessed 26.03.18].

Bergamaschi S, Ronchi CL, Giavoli C, et al. Eight-year follow-up of a child with a GH/prolactin-secret-
ing adenoma: efficacy of pegvisomant therapy. Horm Res Paediatr 2010;73(1):74—9. Available from:
https://doi.org/10.1159/000271919.

Maheshwari HG, Prezant TR, Herman-Bonert V, Shahinian H, Kovacs K, Melmed S. Long-acting pepti-
domimergic control of gigantism caused by pituitary acidophilic stem cell adenoma. J Clin Endocrinol
Metab 2000;85(9):3409—16. Available from: https://doi.org/10.1210/jcem.85.9.6824.

Main KM, Sehested A, Feldt-Rasmussen U. Pegvisomant treatment in a 4-year-old girl with neurofibro-
matosis type 1. Horm Res 2006;65(1):1—5. Available from: https://doi.org/10.1159/000089486.
Dumitrescu CE, Collins MT. McCune-Albright syndrome. Orphanet J Rare Dis 2008;3:12. Available
from: https://doi.org/10.1186/1750-1172-3-12.

Vasilev V, Daly AF, Thiry A, et al. McCune-Albright syndrome: a detailed pathological and genetic
analysis of disease effects in an adult patient. J Clin Endocrinol Metab 2014;99(10):E2029—38.
Available from: https://doi.org/10.1210/jc.2014-1291.

Salenave S, Boyce AM, Collins MT, Chanson P. Acromegaly and McCune-Albright syndrome. J Clin
Endocrinol Metab 2014;99(6):1955—69. Available from: https://doi.org/10.1210/jc.2013-3826.

Javaid MK, Boyce A, Appelman-Dijkstra N, et al. Best practice management guidelines for
fibrous dysplasia/McCune-Albright syndrome: a consensus statement from the FD/MAS interna-
tional consortium. Orphanet J Rare Dis 2019;14(1):139. Available from: https://doi.org/10.1186/
s13023-019-1102-9.

Boyce AM, Glover M, Kelly MH, et al. Optic neuropathy in McCune-Albright syndrome: effects of
early diagnosis and treatment of growth hormone excess. J Clin Endocrinol Metab 2013;98(1):E126—34.
Available from: https://doi.org/10.1210/jc.2012-2111.

Boyce AM, Brewer C, DeKlotz TR, et al. Association of hearing loss and otologic outcomes with
fibrous dysplasia. JAMA Otolaryngol Neck Surg 2018;144(2):102. Available from: https://doi.org/
10.1001/jamaoto.2017.2407.

Vortmeyer AO, Glasker S, Mehta GU, et al. Somatic GNAS mutation causes widespread and diffuse
pituitary disease in acromegalic patients with McCune-Albright syndrome. J Clin Endocrinol Metab
2012;97(7):2404—13. Available from: https://doi.org/10.1210/jc.2012-1274.

Akintoye SO, Kelly MH, Brillante B, et al. Pegvisomant for the treatment of gsp-mediated growth hor-
mone excess in patients with McCune-Albright syndrome. J Clin Endocrinol Metab 2006;91(8):2960—6.
Available from: https://doi.org/10.1210/jc.2005-2661.

Kamilaris CDC, Faucz FR, Voutetakis A, Stratakis CA. Carney complex. Exp Clin Endocrinol Diabetes
2019;127(2-3):156—64. Available from: https://doi.org/10.1055/a-0753-4943.

Watson JC, Stratakis CA, Bryant-Greenwood PK, et al. Neurosurgical implications of Carney complex.
J Neurosurg 2000;92(3):413—18. Available from: https://doi.org/10.3171/jns.2000.92.3.0413.

Carney J Aidan, Gordon H, Carpenter PC, Vittal Shenoy B, Go VLW. The complex of myxomas, spotty
pigmentation, and endocrine overactivity. Med (US) 1985;64(4):270—83. Available from: https://doi.org/
10.1097/00005792-198507000-00007.

Kurtkaya-Yapicier O, Scheithauer BW, Carney JA, et al. Pituitary adenoma in Carney complex: an
immunohistochemical, ultrastructural, and immunoelectron microscopic study. Ultrastruct Pathol
2002;26(6):345—53. Available from: https://doi.org/10.1080/01913120290104656.


https://doi.org/10.1210/jc.2019-00817
https://orbi.uliege.be/handle/2268/189337
https://orbi.uliege.be/handle/2268/189337
https://doi.org/10.1159/000271919
https://doi.org/10.1210/jcem.85.9.6824
https://doi.org/10.1159/000089486
https://doi.org/10.1186/1750-1172-3-12
https://doi.org/10.1210/jc.2014-1291
https://doi.org/10.1210/jc.2013-3826
https://doi.org/10.1186/s13023-019-1102-9
https://doi.org/10.1186/s13023-019-1102-9
https://doi.org/10.1210/jc.2012-2111
https://doi.org/10.1001/jamaoto.2017.2407
https://doi.org/10.1001/jamaoto.2017.2407
https://doi.org/10.1210/jc.2012-1274
https://doi.org/10.1210/jc.2005-2661
https://doi.org/10.1055/a-0753-4943
https://doi.org/10.3171/jns.2000.92.3.0413
https://doi.org/10.1097/00005792-198507000-00007
https://doi.org/10.1097/00005792-198507000-00007
https://doi.org/10.1080/01913120290104656

References 257

[46] Verges B, Boureille F, Goudet P, et al. Pituitary disease in MEN type 1 (MEN1): data from the France-
Belgium MEN1 multicenter study. J Clin Endocrinol Metab 2002;87(2):457—65. < http://www.ncbi.
nlm.nih.gov/pubmed/11836268> .

[47] Stratakis CA, Schussheim DH, Freedman SM, et al. Pituitary macroadenoma in a 5-year-old: an early
expression of multiple endocrine neoplasia type 1. J Clin Endocrinol Metab 2000;85(12):4776—80.
Available from: https://doi.org/10.1210/jcem.85.12.7064.


http://www.ncbi.nlm.nih.gov/pubmed/11836268
http://www.ncbi.nlm.nih.gov/pubmed/11836268
https://doi.org/10.1210/jcem.85.12.7064

	12 Medical management of pituitary gigantism and acromegaly
	12.1 Introduction
	12.1.1 AIP mutations
	12.1.2 X-linked acrogigantism
	12.1.3 McCune–Albright syndrome
	12.1.4 Other genetic forms of pituitary gigantism

	12.2 Summary
	References




