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GH secreting 
pituitary adenomas

familial

Capatina et al. J Endocrinol 2015: 226, T141–T160



Conditions with germline mutations

MEN1 FIPA

MEN4 Carney 
Complex

SDHx MAS
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Familial Isolated Pituitary Adenomas: FIPA

pituitary adenomas occuring in a familial setting 

without MEN1 or Carney complex mutations, 

including somatotropinomas, prolactinomas, and 

nonsecreting pituitary adenomas
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30 homogeneous tumor phenotype
14 prolactinoma
12 somatotropinoma
2 NFA
2 Cushing’s

Beckers A, Aaltonen LA, Daly AF, Karhu A. Endocr Rev. 2013;34:239-77
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34 heterogeneous phenotype families 
up to 3 different tumour types possible
at least one PRLoma/GHoma per family

J Clin Endocrinol Metab. 2006 Sep;91(9):3316-23

Beckers A, Aaltonen LA, Daly AF, Karhu A. Endocr Rev. 2013;34:239-77
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EFE 2015

Pathogenesis of GH excess



Subgroups
Multigenerational FIPA families adenomas diagnosed earlier 

in 2nd generation (30) vs 1st generation (50)

Homogeneous somatotropinomas younger at diagnosis, more 
frequent extension vs heterogeneous somatotropinomas

vs Sporadic
FIPA younger at diagnosis

FIPA PRLomas and NFA more frequently invasive

FIPA
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AIP

Science, May 2006

Beckers and Daly. Eur J Endocrinol 2007
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Beckers  et al. Endocr Rev. 2013;34:239-77

Lloyd  et al. Endocrine 2013

AIP
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AIP mutated animals develop pituitary adenomas

Animal model

Beckers  et al. Endocr Rev. 2013;34:239-77

AIP
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� 70 mutations (215 patients)

� R304X : 35 patients

� Q14X : 19 patients (only Finnish origin)

� R304Q : 10 patients

� R271W : 10 patients

� several variants (R16H?)

In humans 

Beckers  et al. Endocr Rev. 2013;34:239-77

AIP
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Prevalence of AIP mutationsPrevalence of AIP mutations
Barlier A et al., JCEM 2007

105 Patients with sporadic 
adenoma

0%

Stratakis CA et al., Clin Genet 2010 76 pediatric Cushing’s 1,3%

Cazabat L et al., EJE 2007
154 patients with GH 
secreting pituitary adenomas

3%

Daly AF et al., JCEM 2007 158 patients (FIPA) 15%

Tichomirova MA et al.   EJE 2011 
163 patients  macroadenoma 
and <30 yr

11.7% < 30yr
20% <18 yr

Stratakis CA et al., Clin Genet 2010 11 pediatric FIPA 27,2%

Rostomyan L  et al., Endocrine 
Abstracts, 2013 

113 patients with pituitary 
gigantism

33%
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Daly et al.  J Clin Endocrinol Metab 2010 ;95:E373-83. 

with particular interest to somatotropinomas

AIM 

determine the clinical characteristics 
responses to therapy 

in pts with AIPmut-and
pituitary adenomas

AIP
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AIPmut Pituitary Adenomas

Beckers  et al. Endocr Rev. 2013;34:239-77

Younger age 
at 

presentation
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AIPmut Pituitary Adenomas

Beckers  et al. Endocr Rev. 2013;34:239-77

All tumor 
types 

represented
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Clinical characteristics of 
AIPmut Pituitary Adenomas

All (n=96) GH-oma
(n=75)

PRL-oma
(n=13)

NFA (n=7) TSH-oma
(n=1)

Sex (% male) 61M/35F
(63.6%)

46M/29F
(61.3%)

10M/3F
(76.9%)

4M/3F
(57.1%)

1M/0F
(100%)

Age at diagnosis (yr) 23.0 
(8.0-74.0)

22.5 
(8.0-60.0)

22.0 
(12.0-39.0)

31.0 
(12-74)

39.0

Age at first symptoms (yr) 18.0 
(4.0-67.0)

17.8 
(4.0-50.0)

18.0 
(12.0-39.0)

31.0
(12-74)

39.0

Delay in diagnosis (yr) 2.0 
(0.0-19.0)

2.0 (0.0-19.0) 0.0 (0.0-6.0) 0.0 
(0.0-7.0)

0.0

Maximum tumor diameter 
(mm)

25.0
(6.0-85.0)

22.5 
(7.0-60.0)

31.0 
(6.0-85.0)

27.5 
(14-35)

30.0

Macroadenoma (%) 93.3% 93.1% 92.3% 100% 100%

Extrasellar extension (%) 79.5% 65.1% 91.7% 85.7% 0.0%

Invasion (%) 56.3% 51.7% 69.2% 57.1% 0.0%

Daly et al.  J Clin Endocrinol Metab 2010 ;95:E373-83. 
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AIPmut acromegaly: Age at First Symptoms

Daly et al.  J Clin Endocrinol Metab 2010 ;95:E373-83. 

Younger age at first symptoms
EFE 2015

Pathogenesis of GH excess



AIPmut acromegaly: Max Tumor Diameter

Daly et al.  J Clin Endocrinol Metab 2010 ;95:E373-83. 

Greater tumor diameter
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AIPmut acromegaly: GH Secretion

Daly et al.  J Clin Endocrinol Metab 2010 ;95:E373-83. 

More robust GH secretion
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Treatment of AIPmut Somatotropinomas

AIPmut

(n=71)
Control 
(n=232)

P value

Disease control (%) * 70.4 80.5 0.06

Re-operation (%) 21.9 5.5 0.00069

Use of radiotherapy (%) 41.4 24.7 0.15

SA-induced reduction in GH (%) (n=38) 40 75 0.00037

SA-induced reduction in IGF-I (%) (n=38) 47.4 56 0.028

SA-induced tumor shrinkage (%) (n=38) 0 41.4 0.000001

Daly et al.  J Clin Endocrinol Metab 2010 ;95:E373-83. 

More difficult to treat
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At risk groups for AIPmut

AIPmut

0-4% of unselected
sporadic adenomas
0-4% of unselected
sporadic adenomas

15-20% 
FIPA

9-20% children with
pituitary adenomas

11% of sporadic
macroadenomas

<30yr

~30% 
gigantism

Beckers  et al. Endocr Rev. 2013;34:239-77
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DB Birth weight: 3600 g

5 yrs and 3 mo
height 129 cm

6 yrs 
height 135 cm

DIAGNOSIS
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DB
6 yrs 

FIRST SURGERY

Pituitary adenoma 
with prevalent GH 

staining

Persistent 
disease

Biochemically 
persistent 

disease

7 yrs 
SECOND SURGERY

8 yrs
external 

radiotherapy

Biochemically 
persistent 

disease
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DB
Biochemically 

persistent 
disease

Medical 
therapy

Satisfactory 
control

Final height: 166 cm
Oligo-amenorrhea
Central hypothyroidism

AIP

mutation ?
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- un polimorfismo in omozigosi in 
posizione 228 nell'esone 5 del gene 
AIP (isoforma 1, CCDS8168),
che determina la sostituzione di un 
aminoacido Glicina in un aminoacido 
Lisina (Gln228Lys;CAG/AAG),
privo di significato patologico;

- un polimorfismo in omozigosi in 
posizione 307 (isoforma 1, 
CCDS8168) dell'esone 6, che 
determina la sostituzione di un 
aminoacido Glicina in un aminoacido 
Arginina (Gln307Arg; CAG/CGG), di
significato clinico imprecisato
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Conditions with germline mutations

MEN1 FIPA

MEN4 Carney 
Complex

SDHx MASOthers?
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MEN4

Marinoni et al. Neuroendocrinology 2011;93:19–28
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MEN4

Molatore et al. Human Mutation 2010 Mutation in Brief 31: E1825-E1835

Loss of p27 protein in tumors
of affected patients

sporadic patient (wild-type p27)

bronchial carcinoid 

P69L mutation-positive patient 
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Marinoni et al. Neuroendocrinology 2011;93:19–28

p27 is a new tumor 
susceptibility gene for multiple 

neuroendocrine tumors

MEN4
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p27

mutation ?

MEN4
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MEN4

Deletion in the CDKN1B 5’-UTR region
(c.-29_-26delAGAG)

Wild type Deleted
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MEN4

Predicted secondary structure of the 5’-UTR (-575/-1) 
CDKN1B mRNA

www.rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi

Wild type Deleted
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MEN4

Wild type Deleted

Immunohistochemical staining for p27Kip1
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Sambugaro…, Zatelli MC Endocrine. 2015 ;49:58-64



EFE 2015

Pathogenesis of GH excess
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Conditions with germline mutations

MEN1 FIPA

MEN4 Carney 
Complex

SDHx MASOthers?
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Others?
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Other!!
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X-LAG X-linked acrogigantism

Xq26.3 genomic duplication

GPR101 duplication

pediatric disorder 

early-onset gigantism 

“adult” acromegaly

recurrent GPR101 
mutation

Trivellin et al. N Engl J Med 2014; 371:25 EFE 2015
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Trivellin et al. N Engl J Med 2014; 371:25 EFE 2015
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• early and rapid growth (2–3 months of age)

• median height and weight  > +3.9 SDS

• increased overall body size

• acromegalic symptoms 

• increased appetite

• marked GH/IGF1  hypersecretion (usually also prolactin)

• pituitary macroadenoma or hyperplasia
Beckers et al. Endocrine-Related Cancer (2015) 22, 353–367 EFE 2015
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• extensive anterior pituitary resection � frequent 
postoperative hypopituitarism

• lack of control with somatostatin analogs despite SSTR2 
expression

• postoperative adjuvant pegvisomant � control of IGF1

Beckers et al. Endocrine-Related Cancer (2015) 22, 353–367 EFE 2015
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X-LAG

new infant-onset gigantism syndrome

with a severe clinical phenotype 

and a challenging disease management
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Conditions with germline mutations

MEN1 FIPA

MEN4 Carney 
Complex

SDHx MASX-LAG
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